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ABSTRACT 


An  electronic  system  has  been  developed  which  is  capable  of  measuring  the  elapsed 
travel  time  for  three  acoustic  sources  to  any  one  of  12,  24,  or  36  hydrophones.  Though  it 
was  developed  and  configured  for  the  Pacific  Sea-Spider  array,  it  is  applicable,  with  modifi¬ 
cations,  for  determining  the  position  of  12  hydrophones  relative  to  three  sources  in  known 
positions. 

Pacific  Sea-Spider  was  a  trilegged,  moored,  subsurface  array  of  30  hydrophones.  It  had 
three  acoustic  sources,  one  near  each  anchor  point.  The  position-determining  system  de¬ 
veloped  for  this  array  includes  control  logic  to  select  any  of  five  sets  of  12  hydrophones  and 
a  single  source,  a  crystal-controlled  clock  to  measure  the  travel  time,  1 2  level  and  phase  de¬ 
tectors  to  determine  reception  of  the  acoustic  signal  and  to  command  time  transfer,  a  storage 
register  with  jam  transfer  of  the  time  data,  and  output  logic  to  control  a  paper-tape  punch 
for  data  output. 

The  acoustic  signal  is  gated  synchronously,  and  axis-crossing  detection  is  used.  The  re¬ 
sult  is  a  resolution  of  a  0.1  ms,  provided  a  graphic  recorder  is  used  to  note  the  number  of  the 
cycle  at  which  detection  occurred. 

The  results  on  paper  tape  can  be  either  printed  out  on  a  typewriter  or  used  as  data  in¬ 
put  to  a  digital  computer,  where  with  proper  programming  the  coordinates  of  a  particular 
hydrophone  with  respect  to  the  known  position  of  the  three  sources  can  be  calculated. 

The  system  can  complete  a  set  of  elapsed-time  measurements  for  12  hydrophones  once 
every  10  seconds.  In  the  Sea-Spider  configuration  with  three  legs  and  30  hydrophones,  the 
minimum  time  for  a  complete  set  of  elapsed-time  measurements  is  30  seconds. 

PROBLEM  STATUS 

This  is  a  final  report  on  the  problem. 


AUTHORIZATION 

NRL  Problem  K03-42 
Project  R2408 


Manuscript  submitted  June  30,  1971. 
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POSITION-DETERMINING  SYSTEM 
FOR  SEA-SPIDER  HYDROPHONE  ARRAYS 


INTRODUCTION 

Measurement  of  acoustic  parameters  in  the  deep  ocean,  especially  over  long  periods  of 
time,  has  suffered  from  the  lack  of  stable  platforms,  both  for  long-  and  short-term  measure¬ 
ments.  One  of  the  proposals  for  providing  stable  ocean  platforms  is  the  sea-spider  hydrophone- 
array  concept. 

This  concept  is  a  three-legged,  wire-rope  system  moored  to  the  ocean  bottom,  with  all 
three  legs  supported  at  one  point  below  the  ocean  surface  by  a  float.  Hydrophones  are  dis¬ 
tributed  along  the  legs,  and  the  acoustic  signals  and  engineering  data  from  the  array  are  trans¬ 
mitted  to  a  ship  or  shore  station  by  a  radio  or  wire  data  link. 

Movement  of  the  legs  of  such  a  system  can  be  kept  quite  small  by  proper  design.  How¬ 
ever,  both  to  verify  the  design  and  to  monitor  the  movements  in  an  operational  system,  it  is 
necessary  to  provide  some  means  of  locating  specific  hydrophones  with  reference  to  other 
hydrophones  or  to  the  sea  bottom  or  surface.  This  report  describes  such  a  position - 
determining  system  called  POSDETS.  Though  it  is  designed  for  the  Pacific  Sea-Spider  instal¬ 
lation,  which  was  to  have  been  implanted  in  1969,  much  of  the  system  and  its  theory  applies 
to  any  sea-spider-type  installation  and  to  other  types  of  moored  arrays  as  well.  No  operational 
experience  has  been  obtained  with  the  system  because  of  the  failure  of  the  Pacific-Sea-Spider 
installation;  therefore,  operation  has  been  with  test  signals. 


BACKGROUND 

General 

To  locate  any  point  which  is  free  to  move  in  any  direction  in  free  space  (in  this  case  the 
ocean  volume),  a  minimum  of  three  distances  from  three  fixed  noncolinear,  known  points  in 
space  is  requir  jd.  There  are  several  other  schemes  which  can  be  used,  but  all  require  that 
either  more  than  three  distances  or  some  combination  of  distances  and  angles  be  measured 
and  are  thus  more  complex. 

Figure  1  depicts  the  sea-spider-array  concept  as  designed  for  the  Pacific  Sea-Spider.  It 
shows  the  three  fixed  anchor  points  on  the  ocean  bottom  and  the  three  wire  legs  converging 
from  these  anchors  to  an  apex  where  the  legs  are  supported  by  a  subsurface  float.  If  the 
location  procedure  of  the  previous  paragraph  is  to  be  used,  three  fixed  points  on  or  near  the 
array  must  be  provided  and  located.  The  obvious  points  to  use  in  this  array  are  the  leg- 
anchor  points,  since  all  other  points  on  the  array  are  free  to  move  to  some  degree  and  since 
the  anchor  points  are  accessible  to  the  data-transmission  system. 
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Fig.  1  -Array  dimensions 


The  selected  fixed  points  have  to  be  located  if  they  are  to  be  used  as  references  for  posi¬ 
tion  measurement.  This  is  done  in  the  ocean  by  measuring  the  elapsed  time  between  the 
transmission  of  an  acoustic  pulse  from  one  reference  point  and  its  reception  at  another  refer¬ 
ence  point.  Such  acoustic  transmissions  usually  follow  curved  paths  of  some  form.  The 
curved  path  of  a  horizontal  transmission  near  the  ocean  bottom  is  concave  up  when  viewed 
from  the  side  and  requires  that  the  source  and  hydrophone  for  such  a  path  lx;  mounted  above 
the  actual  bottom  if  the  sound  energy  is  to  clear  the  bottom. 

In  the  Pacific  Sea-Spider  design,  this  necessary  bottom  clearance  requires  that  the 
source  and  hydrophone  used  as  reference  points  be  located  600  feet  above  the  ocean  bottom. 
The  resulting  reference  configuration  is  an  acoustic  source  with  a  nearby  hydrophone, 
mounted  on  each  leg,  approximately  850  feet  up  the  wire  from  the  anchor.  The  resulting 
reference  points  are  no  longer  fixed  with  respect,  to  the  ocean  bottom;  however,  the  expected 
motions  are  small,  less  than  10  feet,  and  sho  uld  all  occur  in  about  the  same  direction.  The 
latter  statement  means  that  the  positions  with  respect  to  each  other  should  remain  relatively 
fixed,  and  it  is  not  necessary  to  calculate  the  reference  coordinates  more  than  a  few  times. 

The  acoustic  sources  are  located  with  respect  to  each  other  by  using  the  adjacent  hydro¬ 
phones,  measuring  the  acoustic  travel  time  from  one  source  to  the  hydrophone  on  an  oppo¬ 
site  leg,  and  performing  the  necessary  calculations  for  range.  The  coordinate  set  of  three 
reference  points  can  then  be  calculated. 

The  travel  times  of  one-way  acoustic  transmissions,  from  each  of  the  three  reference 
sources  to  a  hydrophone  at  the  desired  measuring  point  P,  are  then  measured.  These  times 
are  then  converted  to  ranges  using  the  existing  velocity  profile,  and  the  ranges  are  used  to 
determine  the  coordinates  of  the  point  P  with  respect  to  the  sources.  Differential  movement 
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from  previous  positions  can  be  calculated  if  desired.  The  accuracy  of  installation  of  the  an¬ 
chors  is  assumed  to  be  good  enough  that  location  of  the  anchor  sources  with  respect  to  the 
ocean  bottom  is  not  required. 


Pacific-Sea-Spider 

The  Pacific  Sea-Spider  was  to  have  l>een  installed  in  the  summer  of  1969,  north  of 
Hawaii,  in  about  19,000  feet  of  water.  Its  configuration  was  to  be  that  of  Fig.  1,  with  each 
leg  making  an  angle  of  45°  with  the  bottom.  All  three  legs  were  to  each  have  ten  hydro¬ 
phones  on  them  and  were  to  be  spaced  according  to  Fig.  2,  where  an  assumed  depth  of 
19,000  feet  is  used.  The  motion  study  of  this  array  was  to  use  the  northwest  leg.  primarily 
because  of  the  more  even  spacing  of  the  hydrophones.  However,  the  other  legs  were  to  be 
measured  also  to  determine  such  things  as  the  overall  shape  and  location  of  arrays. 

Each  of  the  hydrophones  was  to  be  connected  to  a  voltage-controlled  oscillator,  and 
the  oscillators  in  turn  were  to  be  multiplexed  to  a  radio  transmitter  in  a  surface  buoy 
tethered  to  the  subsurface  float.  Demodulation  equipment  aboard  a  research  ship  was  to 
have  allowed  as  many  as  12  hydrophones  to  be  monitored  at  one  time,  along  with  appropri¬ 
ate  engineering-type  data. 

An  acoustic  source  was  to  be  mounted  about  850  feel  from  the  anchor  along  each  wire 
leg.  This  results  in  the  source  being  about  600  feet  above  the  ocean  bottom,  as  required  for 


sum  aci 


Fig.  2  Hydrophone  locations 
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acoustic-tiavel  path  clearance.  A  hydrophone  was  to  be  mounted  near  each  of  these  three 
sources  to  allow  their  location  with  respect  to  each  other  to  be  determined.  The  electrical 
waveform  necessaiy  to  produce  the  acoustic  pulse  from  the  three  sources  was  to  be  radio- 
telemetered  from  the  monitoring  ship.  This  would  result  in  an  insignificant  time  delay  of  the 
order  of  microseconds  between  the  initiation  of  the  waveform  of  the  ship  and  the  initiation 
of  the  acoustic  waveform  in  the  water. 

Thus  the  Pacific  Sea-Spider  would  have  provided  three  acoustic  sources  in  relatively 
fixed  locations,  the  hydrophones  necessary  to  locate  these  sources  easily,  and  a  number  of 
hydrophones  on  each  leg  to  measure  the  movement  at  those  points. 

This  report  describes  the  details  of  the  measuring  system  (acoustic  receivers  and  travel¬ 
time  meter),  the  control  system,  and  the  limiting  parameters  and  expected  ranges  of  these 
systems  when  used  with  the  Pacific  Sea-Spider. 


THEORY 
Position  Location 

The  Pacific  Sea-Spider  was  to  have  been  implanted  with  one  of  the  legs  on  a  north- 
south  axis  with  the  anchor  to  the  south  (Fig.  1).  This  south  anchor  area  was  chosen  to  be 
the  origin  of  the  coordinate  system  so  that  the  +X  axis  would  lie  from  south  to  north.  The 
acoustic  source/hydrophone  complex  about  600  feet  off  the  bottom  is  the  actual  reference 
point  and  is  given  the  coordinates  0,  0,  0. 

Figure  3  shows  a  view  of  the  reference  plane  (all  sources  were  to  bo  assumed  to  have 
been  installed  at  the  same  depth  by  adjustment  of  the  leg  length)  looking  down  from  the 
surface.  A  perpendicular  is  constructed  from  reference  point  1  to  a  line  drawn  between 
points  2  and  3.  The  length  of  this  line  is  called  H  and  gives  an  X  coordinate,  at  points  2  and 
3,  of  H.  The  length  between  the  intersection  point,  of  the  line  between  points  2  and  3  and 
the  perpendicular,  and  point  2  is  called  U;  for  point  3  it  is  called  D.  If  the  base  triangle  thus 
attained  is  equilateral,  as  it  was  to  have  been  in  Pacific  Sea-Spider,  then  U  will  be  equal  to  D, 
as  shown  by  the  dimensions  in  Fig.  3. 

In  practice  points  1,  2,  and  3  are  source/hydrophone  systems.  One  then  measures  the 
acoustic  travel-time  between  source  1  and  hydrophones  2  and  3  and  between  source  2  and 
hydrophone  3.  These  are  converted  to  range  R,  as  described  later. 

If  the  three  ranges  obtained  in  this  measurement  are  equal,  then  U  must  equal  D,  and 
from  the  equilateral  triangle 

U  =  — D  =  0.5  R  (1) 

and 


H  =  0.86603  R. 


(2) 
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Fig.  3— Nominal  geometry,  dimensioned  for  a  19,000-ft  depth 

If  the  ranges  Rj  2  and  R13  are  equal,  an  isosceles  triangle  exists,  and  the  following  rela¬ 
tions  apply : 


U  =  ~D  =  0.5  R23; 

(3) 

H  =  V(Ri2)2-°-25(R23),‘!- 

(4) 

If  the  three  ranges  R12.  R13.  and  R23  are  different  or  if  R]  2  does  not  equal  Rj  3,  then 
the  location  of  the  three  sources  with  respect  to  each  other  and  the  constructed  X  axis  may 
be  found  from  the  general  equation  of  trigonometry’  for  determining  the  height  of  a  t-iangle 
and  from  the  other  three  equations  relating  the  sides  of  a  right  triangle.  These  equations  are: 


W.M.  LAWSON,  JK 


G 


R  j  j  -  H2  +  I)2, 


(Ob) 


and 

U2a“H  +  l).  (be) 

Solving  for  I)  in  Kq.  6c,  substituting  in  Kq.  Gb,  and  subtracting  Kq.  Gb  from  Kq.  Ga  yields 

It2  +  R2  —  R2 
ni  2  11 2  a  11 1  a 


U  = 


2R23 


(7) 


Similarly,  solving  for  U,  substituting  in  Kq.  Ga,  and  subtracting  Kq.  Gb  from  Kq.  Ga  yields 

/RL  +  R ?:*“«?  ' 


1)  - 


2R23 


(H) 


where  D  will  be  a  positive  number  but  is  prefixed  by  a  negative  when  used  as  a  coordinate  of 
point  3  in  other  calculations. 


The  above  procedure  determines  the  relative  position  of  the, three  base-triangle  refer¬ 
ence  points  with  respect  to  each  other.  If  the  values  of  U  and  IJ,  as  determined  from  Kqs.  7 
and  8,  differ  by  less  than  1000  feet,  then  the  array  will  have  been  installed  such  that  the  X 
axis,  as  measured,  is  not  off  from  the  predicted  direction  by  more  than  1  degree.  It  can  then 
be  assumed  that  the  installation  accuracy  is  good  enough  that  the  X  axis,  as  measured,  can  be 
assumed  to  be  oriented  north-south,  as  intended.  The  relative  coordinate  system  then  can  be 
used  as  an  absolute  coordinate  system  as  well,  and  all  array  position  measurements  can  be 
considered  to  be  referenced  to  the  ocean  bottom.  Such  installation  accuracy  is  assumed  to 
be  obtainable,  and  no  procedures  for  measuring  anchor-source  position  with  respect  to  the 
ocean  bottom  are  given  herein. 

The  general  equation  for  the  distance  from  a  point  o  to  a  point  p  in  three  dimensional 
space  is 


R2  =  (X 

op  p 


X  )2  +  (Y  -  Y  )2  + 


(9) 


Since  there  are  three  unknowns,  the  coordinates  of  the  point  p  in  Fig.  1,  three  equations  will 
be  required.  These  will  be  for  the  ranges  from  the  three  sources  at  the  base  of  the  array. 
Using  the  coordinates  of  the  three  reference  points  shown  in  Fig.  1,  these  three  equations 


Rlp =  <xp  “  0)2  +  <YP  -  °)2  +  (/'p "  °)2; 

(10a) 

R22p  =  <xP-,!)2  +  (Yp-i,>2  +  <zp'0)2; 

(10b) 

r2p  =  <xp  -  ">2  +  <YP  *- *»2  +  (*p  -  G»2- 

(10c) 

are 
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Performing  the  indicated  operations  yields 


R?P  =  X2  +  Y2  +  Z2;  (11a) 

Rlp  -  X|  -  2HXp  +  H2  +  Y2  -  2UYp  +  U2  +  Z2;  (lib) 

Rq n  =  X2  -  2HX„  +  H2  +  Y2  -  2DY„  +  D2  +  Z2  (11c) 

3p  p  p  P  P  P  ' 

If  Eq.  11a  is  subtracted  from  the  other  two  equations,  the  resulting  equations  are 

Rip  “  Rlp  =  H2  "  2HXp  +  u2  —  2UYp;  (12a) 

Rlp -rip=h2“2HXp+d2-2DYp-  (!2b) 

If  Eq.  12b  is  subtracted  from  Eq.  12a,  the  result  is 

RiP  -  Rip  =  °2  -  °2  -  2<u  -  D>Yp  <13) 


— 2(U  —  D)Yp  =  R|p  —  R|p  —  U2  +  D2 

and 

Y  _  R3P~R2p  +U2~p2 

p  2(U  -  D) 

If  Eq.  12a  is  multiplied  by  D  and  Eq.  12b  by  U,  then 

D(R|p  -  Rfp)  =  DH2  -  2DHXp  +  DU2  -  2DUYp; 

U(R§p  -  Rfp)  =  UH2  -  2UHXp  +  UD2  -  2DUYp. 

Subtracting  Eq.  16b  from  Eq.  16a  yields. 

(D  —  U)H2  —  2H(D  —  U)Xp  +UD(U-D)  =  DR2p  -UR|p-(D-U)Rfp. 
Rearranging  gives 


(14) 

(15) 

(16a) 

(16b) 

(17) 


— 2H(D  -  U)Xp  =  -(D  -  U)Rfp  +  DR|p  -  UR2p  -  (D  -  U)H2  -  UD(U  -  D).  (18) 

Changing  signs  in  the  (D  —  U)  terms  and  dividing  gives 


XP  = 


(U  -  D)R2  +  DR2  -  UR2  +  (U  -  D)H2  -  (U  -  D)UD 


3p _ 

2H(U  —  D) 


(19) 
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The  Z  coordinate  is  found  by  using  Eq.  11a  and  the  results  of  Eqs.  15  and  19  and  is 

Zp  =  Yj  •  (20) 

The  positive  square  root  is  chosen,  since  all  the  points  P  of  the  Pacific  Sea-Spider  were  to 
have  been  above  the  reference  plane. 

The  legs  of  the  Pacific  Sea-Spider  are  intended  to  be  adjusted  in  length  during  installa¬ 
tion  to  compensate  for  variations  in  the  actual  ocean-bottom  topography  from  an  ideal  flat 
surface.  Nonetheless,  it  is  useful  to  assign  a  nominal  depth  and  to  compute  the  various  patl 
and  lengths  of  the  array.  Such  computations  have  been  made  to  predict  the  approximate 
mute-  and  arrival-time  values  for  each  path  and  configuration  for  use  in  designing  the  elec¬ 
tronics  system. 

These  computations  can  be  done  using  Fig.  2,  which  shows  the  nominal  height  of  the 
various  measuring  points  above  the  reference  plane,  and  Fig.  4,  which  shows  the  develop¬ 
ment  of  the  dimensions  of  the  cable-plane,  that  slanted  plane  which  includes  two  of  the 
three  legs. 


N 


Fig.  4— Pacific  Sea-Spider  dimensions 
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Three  ranges  need  to  be  measured  to  any  hydrophone  point  L  (Fig.  4)  to  determine  the 
coordinates  of  that  point.  However,  these  three  ranges  in  the  nominal  array  are  on  three 
identical  cable  planes.  Therefore,  there  are  only  two  classes  of  ranges  to  be  measured,  an 
upleg  class  and  a  crossleg  class.  These  are  represented  in  Fig.  4  by  the  range  from  source 
point  3  up  a  leg  to  point  L  and  by  the  range  from  either  source  point  1  or  2  across  the  cable 
plane  to  the  point  L. 

Figure  2  gives  all  elevations  from  the  base  triangle  for  all  16  possible  hydrophone  posi¬ 
tions.  The  two  classes  of  ranges  are  found  by  use  of  trigonometric  equations.  For  the 
nominal  array,  with  legs  at  45°  to  the  bottom,  the  upleg  range  is  given  by 


(RSl)u-^2D£.  (21) 

where  DL  is  the  height  of  the  desired  hydrophone  above  the  reference  plane.  The  crossing 
range  is  found  by  subtracting  the  height  DL  from  the  reference  base  of  31,653.2  ft  and  using 
that  value  and  DL  as  the  legs  of  a  right  triangle.  The  equation  after  doing  this  works  out  to 
be 


(Rsl)c  =  V2D l  -  63306.4  DL  +  1,001,925,070.2.  (22) 

Performing  these  computations  for  the  hydrophone  heights  given  in  Fig.  2  yields  the 
values  given  in  Table  1,  assuming  a  straight-line  path  geometry.  As  an  example  of  the  use  of 
this  table,  consider  hydrophone  number  306  at  the  6000-foot  depth  on  the  northwest  leg. 
The  ranges  associated  with  this  hydrophone  are  R16,  R26»  and  R36.  Referring  to  Fig.  1  for 
the  assigned  reference  points,  R26  can  be  seen  to  be  an  upleg  range.  Thus  the  nominal 
ranges  to  be  used  in  the  determination  of  the  coordinates  of  hydrophone  306  are  respectively 
25,092.2  feet,  17,536.2  feet,  and  25,092.2  feet. 

Acoustic  Paths 

The  primary  method  of  measuring  a  distance  underwater  is  to  measure  the  elapsed  time 
it  takes  an  acoustic  pulse  to  travel  from  a  source  to  a  reception  point.  The  path  that  such  an 
acoustic  pulse  follows  in  sea  water  is  rarely  a  straight  line  but  rather  is  a  curved  path  deter¬ 
mined  by  the  sound  velocity  as  a  function  of  depth.  For  this  reason  and  to  provide  bottom 
clearance,  the  sources  of  this  design  are  placed  600  feet  above  the  ocean  bottom. 

The  distance  measurements  made  in  an  operating  sea-spider  array  will  not,  in  general, 
be  measurements  of  the  desired  straight-line  distance  but  will  be  measurements  of  a  curved 
path.  To  determine  the  straight-line  range,  it  is  necessary  to  use  an  average  velocity  profile 
to  determine  the  paths  that  acoustic  energy  will  take  for  the  nominal  configuration  of  thp 
Pacific  Sea-Spider  and  from  this  to  determine  the  average  velocity  involved  in  any  path  and 
what,  if  any,  correction  will  be  required  to  go  from  the  curvilinear  to  the  straight-lfne  dis¬ 
tance.  Accordingly  a  typical  summer  velocity  profile,  defined  by  the  values  given  in  Table  2, 
from  the  area  where  Pacific  Sea-Spider  was  to  be  implanted  has  been  used  along  with  the 
nominal  array  geometry  in  a  ray -trace  program  to  calculate  the  average  ray  velocity,  travel 
time,  and  range.  The  results  for  the  cross-leg  measurements  are  given  in  Table  3,  and  for 
selected  up-leg  measurements  they  are  given  in  Table  4. 
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Table  1 

Predetermined  Up-  and  Cross-Leg  Ranges  for  the 
Nominal  Pacific  Sea-Spider  Hydrophone  Array 


Hydrophone  Hydrophone* 


Height 

Above 

Reference 


Plane 


Up-Leg  Range  Cross-Leg  Range 


Number 


In  Use 


0.0 

3394.1 

7636.8 

11.172.3 
11,777.6 

11.858.2 

11.879.4 

17.536.2 
21,778.9 
22,312.0 

22.384.2 

22.432.3 

22,464.8 
22,486.0 

25.597.3 

25.809.4 


31.653.2 

29.696.2 
27,644.0 

26.336.8 

26.154.4 

26.131.1 
26,125.0 
25,092.2 

25.138.5 

25.194.9 

25.203.3 

25.209.1 

25.213.1 
25,215.7 
25,784.0 
25,836.0 


101,  201,  301 

302 

303 

102,  202,  304 

103 

104 

105,  203,  305 

306 

106,  204,  307 

205 

107,  206 
207 

108,  208 
109,  209,  308 

110,  309 
210,  310 


*100-series  hydrophones  are  on  the  S  leg; 
200-series  hydrophones  are  on  the  NE  leg; 
300-series  hydrophones  are  on  the  NW  leg. 


It  can  be  seen  from  these  tables  that  the  assumption  that  the  measured  acoustic  ranges 
were  obtained  from  a  straight-line  path  rather  than  from  a  curvilinear  path  produces  an 
absolute  range  value  that  is  short  for  a  particular  path  by  a  constant  error  of  a  maximum 
value  of  8.8  feet.  This  corresponds  to  a  fixed  percentage  error  in  range  of  -0.032  per  cent 
maximum,  which  could  be  calibrated  out  of  the  results  in  the  computation  process.  How¬ 
ever,  since  it  is  extremely  doubtful  that  the  capability  of  either  measuring  acoustic  velocity 
or  converting  the  measurements  to  an  average  velocity  over  a  ray  path  will  be  as  good,  per¬ 
centage  wise,  and  since  the  error,  being  fixed,  will  not  affect  relative-position  measurements, 
the  assumption  of  straight-line  path  travel  rather  than  curvilinear  travel  has  been  accepted 
for  the  Pacific  Sea-Spider. 

Other  Acoustic  Effects 

The  measuring  of  the  acoustic-travel  time  for  a  water  path  is  affected  both  by  the  re¬ 
ceiving  system  and  the  transmitting  system,  and  for  the  Pacific  Sea-Spider  design  both 
systems  prove  to  have  limitations.  To  begin  with,  the  transducer  being  used  as  an  acoustic 
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Table  2 

Velocity  Profile  from  the  Sea-Spider  Area  (Pacific) 
for  July  1,  1969 


Depth 

(ft) 

Velocity 

(yd/s) 

0.0 

1673.8 

9.8 

1673.8 

196.9 

1674.8 

229.7 

1675.0 

295.3 

1672.8 

328.1 

1670.9 

393.7 

1668.0 

459.3 

1664.3 

525.0 

1660.1 

590.6 

1657.4 

656.2 

1654.7 

721.8 

1650.7 

787.4 

1646.5 

984.3 

1636.6 

1312.4 

1627.8 

2296.7 

1621.6 

3281.0 

1621.6 

5905.8 

1628.2 

6562.0 

1631.3 

9843.0 

1648.6 

15,289.5 

1680.3 

18,869.0 

1702.0 

19,000.0 

1703.5 

source  by  the  Pacific  Sea-Spider  has  a  maximum  specified  slew  rate  or  change  of  frequency 
from  a  fixed  frequency,  per  unit  time,  of  250  Hz/s.  The  transmitter-system  power  avail¬ 
ability,  along  with  reflection  considerations  in  the  acoustic  environment,  dictate  that  short 
acoustic  pulses,  less  than  100  ms  duration,  should  be  used.  Together  these  considerations 
make  the  use  of  the  phase-shift,  FM-slide,  or  PRN  signals  of  doubtful  value  in  the  detection 
of  either  energy  or  arrival  phase.  Consequently  level  or  energy  detection  is  designed  into 
this  system. 

If  one  is  to  use  energy-level  detection,  then  the  greater  the  bandwidth  in  cycles  which 
can  be  used  in  the  water  medium,  the  greater  the  resolution  capability.  This  requires  for  a 
fixed  Q  a  high  frequency.  Because  sound  in  water  travels  at  a  rate  of  about  5  ft/ms,  a  fre¬ 
quency  of  12  kHz  should  be  used  when  Q  is  of  the  order  of  4  if  5-  to  10- foot  resolution  is 
to  be  obtained  from  simple  level  detection.  Unfortunately  the  Pacific  Sea-Spider  system  has 
an  upper  frequency  limit  of  1  kHz. 

Detection  systems  using  a  1-kHz  signal  require  not  only  that  the  energy  level  be  de¬ 
tected  but  also  that  the  actual  arrival  phase  be  measured.  The  latter  requirement  dictates 
that  the  acoustic  signal  being  transmitted  must  be  coherent,  that  is,  a  single-  frequency  sine 
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Table  3 

Pacific  Sea-Spider  Across- Leg,  Ray-Trace  Ca..  ulations  and 
Error  Due  to  a  Straight-Line  Travel  Path  Assumption 


Hydrophone 

Level 

Number 

Average 

Ray  Velocity 
(yd/s) 

Ray  Travel 
Time 
(ms) 

Ray  Range 
(ft) 

Straight-Line 

Range 

(ft) 

Error 

(ft) 

<%) 

1 

1701.407 

6203.1 

31,662.0 

31,653.2 

8.8 

-0.028 

2 

1693.506 

5845.3 

29,697.2 

29,696.2 

1.0 

-0.003 

3 

1685.028 

5470.3 

27,652.8 

27,644.0 

8.8 

-0.032 

4 

1677.534 

5234.8 

26,344.7 

26,336.8 

7.9 

-0.030 

5 

1676.249 

5202.5 

26,162.1 

26,154.4 

7.7 

-0.029 

6 

1676.078 

5198.5 

26,139.3 

26,131.1 

8.2 

-0.031 

7 

1676.033 

5197.4 

26,133.0 

26,125.0 

8.0 

-0.031 

8 

1664.169 

5027.1 

25,097.8 

25,092.2 

5.6 

-0.021 

9 

1656.194 

5060.4 

25,143.0 

25,138.5 

4.5 

-0.018 

10 

1655.342 

5074.2 

25,198.6 

25,194.9 

3.7 

-0.015 

11 

1655.230 

5076.3 

25,207.3 

25,203.2 

4.0 

-0.016 

12 

1655.156 

5077.7 

25,213.2 

25,209.1 

4.1 

-0.016 

13 

1655.106 

5078.7 

25,217.4 

25,213.1 

4.3 

-0.017 

14 

1655.073 

5079.3 

25,219.8 

25,215.7 

4.1 

-0.016 

15 

1652.373 

5202.0 

25,786.9 

25,784.0 

2.9 

-0.011 

16 

1652.545 

5211.9 

25,838.7 

25,836.0 

2.7 

-0.010 

Table  4 

Pacific  Sea-Spider  Up-Leg,  Ray-Trace  Calculations  and 
Error  Due  to  a  Straight-Line  Travel  Path  Assumption 


Hydrophone 

Level 

Number 

Average 

Ray  Velocity 
(yd/s) 

Ray  Travel 
Time 
(ms) 

Ray  Range 
(ft) 

Straight-Line 

Range 

(ft) 

Error 

(ft) 

(%) 

1 

--  " 

0.0 

0.0 

0.0 

0.0 

0.000 

2 

1692.754 

668.4 

3394.3 

3394.1 

-0.2 

-0.006 

3 

1683.928 

1511.7 

7636.8 

7636.8 

0.0 

0.000 

7 

1675.140 

2363.9 

11,879.6 

11,879.4 

-0.2 

-0.002 

8 

1663.641 

3513.9 

17,537.6 

17,536.2 

-1.4 

-0.008 

14 

1654.885 

4529.7 

22,488.4 

22,486.0 

-2.4 

-0.011 

15 

1652.362 

5164.3 

25,599.9 

25,597.3 

-2.6 

-0.010 

wave  always  starting  at  the  same  phase,  preferably  on  the  axis  crossing.  The  detection  of  this 
signal  then  is  a  process  of  using  level  detection  (energy)  to  enable  an  axis-crossing  detector. 
The  axis-crossing  detector  will  measure  arrival  phase. 

For  acoustic  signals  with  a  one-  or  two-cycle  rise  time,  the  preceding  detection 
process  will  detect  an  axis  crossing  at  a  constant,  fixed  cycle,  say  the  second  one,  and  a 
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fixed  correction  equal  to  the  total  period  of  the  number  of  cycles  before  detection  occurs 
may  be  used  to  correct  the  elapsed  time. 

Unfortunately  the  transducer  design  used  with  Pacific  Sea-Spider  produces  an  acoustic 
signal  with  a  rise  time  corresponding  to  about  8  to  10  cycles.  In  a  noisy  environment  or  in 
the  presence  of  signal-amplitude  fluctuations,  the  detection  point  of  such  a  waveform  can 
easily  vary  from  one  to  several  cycles.  Therefore,  for  best  repeatability  of  results,  the  actual 
cycle  at  which  axis-crossing  detection  occurs  must  be  determined,  and  a  correction  in  milli¬ 
seconds  to  the  measured  travel  time  must  be  made  which  is  equal,  for  a  1-kllz  waveform,  to 
the  number  of  cycles  between  the  start  of  the  acoustic  pulse  and  the  axis-crossing  detection. 
The  rise  time  of  the  bandpass  filter  in  the  receiving  system  is  designed  for  about  5  cycles  to 
provide  adequate  filtering  with  a  reasonable  rise  time  for  the  source  used . 

Electronic  System 

The  electronic  position-measuring  system  which  is  described  in  this  report  contains 
three  basic  sections.  These  are  (a)  the  master  clock,  muting,  and  sequence  control;  (b)  the 
acoustic-signal  detectors;  (c)  the  data  storage  and  readout  system.  Figure  5a  is  a  simplified 
block  diagram  for  a  single  hydrophone  channel,  and  Fig.  5b  is  a  complete  block  diagram  of 
the  system.  The  general  system  design  is  discussed  in  the  following  paragraphs. 


Fig.  5a— Pacific  Sea-Spider  position-determining  system  (POSDETS)  simplified  block 
diagram  for  one  hydrophone 


The  acoustic  parameters  discussed  in  the  previous  section  dictate  that  i  coherent 
signal  be  transmitted.  This  is  done  in  the  controller  section  by  detecting  the  positive-axis 
crossings  of  a  continuous  1-kHz  signal  which  is  to  be  transmitted.  This  detection  is  used  to 
gate  out  the  manual-start  pushbutton  command,  which  in  turn  develops  the  necessary  level 
to  turn  on  the  acoustic-transmitter  signal  gate  for  the  required  time  for  the  number  of 
cycles  being  sent. 
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In  addition  the  time  counter  is  started  from  0.0  ms.  If  rise  time  and  signal  level  are 
consistent  enough  that  detection  can  always  be  assured  on  a  specific  cycle,  say  the  third 
cycle,  then  the  clock  could  be  started  from  3.0  ms  and  no  cycle-ambiguity  corrections  to  the 
travel  time  would  be  needed.  For  the  Pacific  Sea-Spider  design,  this  provision  is  not  used. 

The  controller  contains  two  counters  to  provide  for  delay  between  pulses  and  for  se¬ 
quencing  of  sources.  The  initial  intent  was  to  have  allowed  for  a  fully  automatic  operation 
where,  with  one  push  of  the  start  button,  three  successive  acoustic  signals  of  8-ms  length, 
spaced  a  minimum  of  10  s,  apart  in  the  Pacific  Sea-Spider  because  of  the  ranges  and  travel 
times  involved,  would  be  sent  from  three  successive  sources.  The  Pacific  Sea-Spider  elec¬ 
tronics  design  will  not  ailow  this  because  of  the  computer-controlled  source  selection.  There¬ 
fore,  the  system  is  designed  for  both  automatic  and  semiautomatic  operational  modes. 
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In  the  latter  mode  one  push  of  the  start  button  starts  the  sequence,  and  after  the  pre¬ 
selected  delay  the  counters  stop.  During  this  interval  the  south  source  of  the  Pacific  Sea- 
Spider  is  called  for  and  selected.  A  push  of  the  button  sends  the  acoustic  ping  from  this 
source.  After  the  preset  delay  the  clock  stops  again,  awaiting  assurance  that  the  second  or 
NW  source  has  been  selected  and  allowing  time  for  the  travel  times  to  be  measured  and  read 
out.  After  assuring  the  selection  of  the  NW  source,  another  push  of  the  button  sends  out  the 
ping  from  the  NW  source.  After  the  preset  delay  the  clock  stops  yet  again,  during  which,  or 
previous  to  which,  the  third  or  NE  source  is  selected.  A  final  push  of  the  button  sends  out 
the  third  ping.  After  the  preset  delay  the  entire  system  resets  and  shuts  down,  awaiting  the 
next  cycle. 

The  frequency  and  source  characteristics  of  the  Pacific  Sea-Spider  design  have  deter¬ 
mined  the  choice  of  level  detection  of  the  acoustic  signal.  The  travel  times  being  measured 
vary  from  about  0.5  s  to  6  s.  Thus  there  is  a  great  possibility  of  false  detection  of  noise,  even 
if  n arrow-band  filters  are  used.  To  reduce  this  possibility,  muted  detectors  are  designed  into 
the  system.  Time  signals  from  the  clock  are  fed  to  preset-number  switching  to  provide  a 
signal  which  removes  the  mute  just  prior  to  the  expected  time  of  signal  arrival.  These  same 
signals  are  also  mixed  with  the  time  signals  from  the  clock  and  recorded  on  the  oscillograph, 
and  thus  provide  a  known  time  to  aid  in  visual  readout  of  elapsed  time  from  the  oscillograph 
if  required  as  a  back  up.  The  stop  signal  which  indicates  that  a  signal  was  detected  is  also 
mixed  into  the  time  signals  as  a  further  aid  in  visual  readout  of  the  oscillograph  recording  if 
necessary. 

After  all  pulses  have  been  received  and  read  out,  each  signal  detector,  which  can  only 
produce  one  output,  is  rearmed  and  muted,  ready  for  the  next  ping.  Each  detector  has  in¬ 
puts  for  the  reset,  mute,  and  hydrophone  signals.  A  clock  signal  is  provided  to  synchronize 
the  readout  of  the  time  meter  while  it  is  still  counting.  A  resolution  of  0.1  ms  is  chosen  to 
provide  approximately  0.5-ft  range  resolution. 

Buffer  storage  of  the  reading  of  a  single  time  counter  is  used  as  a  money  and  space 
economy  measure.  The  signal  detectors  each  provide  a  0.05-ms  read  signal  to  the  buffer- 
storage  input  gates  and  to  the  time  mixer  for  recording.  Each  detector  also  provides  an 
amplified  acoustic  signal  to  an  oscillograph  channel.  This  signal  is  gated  to  a  negative  level 
during  the  cycle  after  axis-crossing  detection  for  identification  purposes. 

The  detectors  are  shown  in  Fig,  F2  of  Appendix  F  in  the  rear  of  this  report  .  Their 
operation  can  be  described  with  the  use  of  the  timing  diagram  of  Fig.  6  and  the  schematic 
(Fig.  F2). 

The  mute  signal*  (A)  sets  a  control  flip-flop  (B)  which  will  now  allow  hydrophone 
signals  and  an  axis-crossing  detection  to  pass.  The  acoustic  signal  (C)  drives  two  Schmidt 
triggers.  One  of  these  is  set  to  trip  on  a  negative-going  voltage  which  is  set  to  be  greater  than 
the  average  peak-noise  voltage  and  less  than  the  maximum  peak -signal  voltage.  When  the 


All  capital  letters  refer  to  signals  shown  in  Fig.  6. 


16 


W.M  LAWSON,  JR. 


Mu* 

8  Mot*  Ort* 


\C  Hydiuphu* 


u 


VP-  ItMOtNCIhv^ 
t  A*I»  CftNMng  liwU* 

(F  '  Axil  Ouuing  Si^ai 


li_rLrt 


LL 


_ n_rLn_rL 

€  LMMeMO  A**  Crowing  B  t  f _ f  |  i _ 

1  mt  Stop 


SET  G/RST  K 


l  Rwnui* 

(£)  Mutt  GtM 

•K'  t  mi  Rmat 

(c'l  C«t«d  Mydrophon* 
Signal 


JstT  A-HS1  l 
IF  J 


J~U~ 


(Not*  tim*  wait  ch*  119*1 1 

Jrf.  R«wi  H*»d 
(N'  Clock 


t  OF  S 


J~L 


IT 


_n _ _n_ 


,?  0*t*Li*d  Clock  Ant  f  OF  P 
Crowing 

I.H,'  Potitiu*  Clock  Ajui  M  M  N 
Ci  owing  ’ 

•vfi  Count**  T im*  R«*d  H-M-N-F 


_TL 


J~ 


Fig.  6— Hydrophone-detector  logic  timing  diagram 


acoustic  signal  becomes  sufficiently  large,  the  change  in  the  Schmidt  trigger  sets  a  flip-flop 
(E),  enabling  a  gate  which  will  pass  the  output  of  the  other  Schmidt  trigger  (F).  This  latter 
trigger  is  set  to  switch  at  zero  volts,  positive  going,  to  detect  the  axis-crossing. 

The  output  of  the  axis-crossing  detection  gate  (G)  is  used  to  set  a  flip-flop  (H)  for  1  ms. 
This  signal  is  used  to  allow  the  clock  (N)  to  produce  a  signal  time-counter  read  pulse  (S)  in 
synchronization  with  the  clock,  to  gate  the  acoustic  signal  (C‘),  and  to  modulate  the  time 
channel. 


Each  read  signal  from  each  detector  is  fed  to  the  input  gates  of  a  flip-flop  storage 
register  and  gates  into  this  register,  in  parallel,  the  BCD-coded  time  count  with  a  resolution 
of  0.1  ms  and  a  maximum  capacity  of  9999.9  ms.  This  portion  will  be  detailed  later  in  this 
report. 

After  a  period  of  8  s  all  of  the  data  should  have  been  received,  and  a  pulse  is  transmitted 
to  the  output  clock-control  circuits  if  in  the  automatic-readout  mode.  The  data  in  the  first 
hydrophone  storage  register  are  gated  out  in  parallel  (20  bits)  and  scanned  out  serially,  4  bits 
at  a  time,  to  a  paper-tape  perforator.  Appropriate  blanks,  decimals,  and  carriage  returns  are 
inserted  by  the  scanner.  The  sequencer  also  gates  out  the  ping  counter,  the  mode  of  opera¬ 
tion  of  the  Pacific  Sea-Spider,  and  the  source  in  use. 

Manual  display  of  one  register  at  a  time  is  available  on  panel-mounted  Nixie  lights.  Any 
Register  can  be  selected,  or  each  can  be  read  out  in  sequence. 
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Figure  7  is  the  complete  system  block  diagram  for  the  Pacific  Sea-Spider.  This  report 
will  not  go  into  much  detail  about  the  Pacific  Sea-Spider  system.  Suffice  it  to  say  that  the 
internal  oscillator  of  that  system  has  sufficient  designed  accuracy  to  be  used  for  the  type  of 
detection  discussed  previously.  Two  signals  were  required  of  the  POSDETS;  these  were  a 
signal  gate,  starting  at  a  positive-axis  crossing  and  exactly  as  long  as  the  number  of  acoustic 
cycles  to  be  transmitted,  and  another  gate  which  starts  before  and  lasts  longer  than  the 
signal  gate  and  is  used  to  turn  on  the  telemetry  transmitter. 


Fig.  7~Pacific  Sea-Spider  hydrophone-array  complete 
system  block  diagram 

The  particular  leg  source  of  the  Pacific  Sea-Spider  which  is  to  transmit  is  selected  manu¬ 
ally  by  an  input  to  a  computer.  Likewise  selected  is  the  reception  mode,  those  hydrophones 
which  are  to  be  monitored.  These  are  listed  in  Appendix  B. 

The  demodulated  acoustic-signal  telemetry  channels,  12  in  all,  provided  as  outputs  from 
the  Pacific  Sea-Spider,  are  buffer-amplified,  filtered,  and  connected  to  the  POSDETS.  Relays 
controlled  by  POSDETS  connect  the  incoming  telemetry  channels  to  the  proper  hydrophone 
detectors  according  to  the  mode  in  which  Pacific  Sea-Spider  is  being  used. 

The  hydrophone  signals  after  detection  are  recorded  on  the  oscillograph  along  with  the 
time,  preset  times,  and  the  time-read  pulses.  The  elapsed  time  is  recorded  on  punched  tape 
in  the  following  format: 

Ping  Number  /  Carriage  Return  (CR)  /  Source  /  CR  /  Travel  Times  1  -  5  /  CR  / 

Travel  Times  6  -  10  /CR  /  Travel  Times  11  -  13  /  CR  /  Mode  /  CR. 


§ 
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To  bo  compatible  with  the  computer  program  to  be  described  later,  the  digits  are  in  the 
format  (B  -  blank;  N  =  digit); 

BBNNN(CR) 

BBNN(CR) 

BBNNNN.NBBNNNN.NBBNNNN.NBBNNNN.NBBNNNN.N(CH) 

BBNNNN.NBBNNNN.NBBNNNN.NBBNNNN.NBBNNNN.N(CR) 

BBNNNN.NBRNNNN.NBBNNNN.N(t'R) 

BBNN(CR). 


Transponder 

The  Pacific  Sea-Spider  array  design  is  an  experimental  system  located  in  very  deep 
water.  Therefore,  cost  and  complexity  are  such  that  servicing  components  of  a  position¬ 
measuring  system  is  impractical.  Yet  position-measurements  of  such  an  experimental  system 
are  of  great  importance.  Therefore,  transponders  have  lieen  designed  to  tie  used  as  substi¬ 
tutes  for  the  original  acoustic  sources  should  any  of  them  have  failed.  Provision  for  using 
these  transponders  is  designed  into  the  POSDETS;  since  the  same  transducers  are  used  in  the 
transponder  as  are  used  ir.  the  Pacific  Sea-Spider,  no  changes  in  the  detection  system  are 
necessary . 

Before  using  a  transponder  in  place  of  a  leg  source,  the  transponder  must  be  located, 
i.e.,  U,  H,  and  D  of  the  reference  triangle  must  be  determined.  To  make  this  fairly  easy,  to 
retain  as  nearly  as  possible  the  same  nominal  configuration,  and  to  make  installation  easier, 
the  transponders  should  be  placed  as  near  the  failed  leg  source  as  possible.  Then,  in  essence, 
for  any  leg  for  which  a  transponder  is  being  used  instead  of  the  leg  source,  the  POSDETS 
time  counter  is  started  at  a  predetermined  time  before  the  0  time.  This  precount  is  intended 
to  be  approximately  equal  to  the  one-way  travel  time  from  the  surface  to  the  transponder. 

If  the  precount  is  properly  selected,  the  time  counter  will  read  approximately  0.0  ms  when 
the  transponder  transmission  starts.  In  this  way  the  muting  circuits  are  usable  for  the  trans¬ 
ponder  ping  in  the  same  way  as  for  a  leg-source  ping. 

The  transponder  ping  is  received  on  a  hydrophone  near  the  ship,  and  the  two-w  ay 
elapsed  time  (including  transponder  delay)  is  measured  by  the  13th  hydrophone  channel. 

In  computing  transponder-source  ranges,  the  measured  travel  time  of  the  12  sea-spider 
hydrophones,  including  one  of  the  bottom  units  for  determining  U,  H,  and  D,  is  corrected 
by  an  amount  given  by 


_TTnl3-[Cnl3-(TPR  +  TTP)] 
2 


(23) 


where 


Tn  =  time  correction  for  the  nth  source,  n  =  1  to  3; 

TTn  13  =  elapsed  time  at  a  transponder  receiving  hydrophone  at  the  surface; 
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C„  13  =  correction  for  the  rise  time  of  the  transponder  receiving  hydrophone  at  the 
surface; 

TPR  =  prerun  time  set  into  the  control  panel  of  POSDETS; 

TTP  =  transponder  internal  delay,  interrogation  to  response. 

The  overall  measurement  accuracy  using  these  transponders  will  be  relatively  poor.  The 
reason  for  this  is  the  low  acoustic  frequency  of  the  particular  interrogation  transducers  avail¬ 
able.  The  transponder  interrogation  frequencies  are  350,  400,  and  450  Hz.  With  a  narrow- 
band  filter  in  the  receiving  system,  there  is  a  long  rise  time  and  thus  a  cycle  ambiguity  in 
TTP,  the  internal  delay.  This  ambiguity  cannot  be  measured  with  the  transponder  in  place 
and  can  easily  be  1  or  2  cycles  or  12.5  to  25  feet. 


HARDWARE  AND  CIRCUIT  DESCRIPTION 

The  majority  of  the  components  used  in  the  position-determining  system  is  digital-card 
logic  based  on  NAND  gates.  The  control,  clock,  and  detector  portions  use  available  cards 
and  hardware  of  the  discrete  type  having  a  logic  “1”  level  of  -6  volts.  The  data-storage  and 
output-control  portions  use  integrated-circuit  cards  for  compactness.  The  logic  1  level  of 
these  cards  is  +5  volts. 

Appendix  F  comprises  the  three  complete  schematics  for  the  position-determining  sys¬ 
tem.  Figure  FI  contains  the  control  and  clock  logic;  Fig.  F2  contains  the  preset-number 
gating,  signal  detector,  and  miscellaneous  control  or  signal  circuits;  Fig.  F3  contains  the 
data-storage  and  readout  circuits. 

Figure  8  shows  the  relay  rack  in  which  the  entire  system,  except  for  the  oscillograph, 
power  amplifier,  and  computer,  is  mounted.  Only  the  POSDETS  and  its  output  panel,  a 
test-signal  generator,  and  the  power  supplies  are  visible  in  the  figure.  Figure  9  is  a  closeup 
of  the  control,  preset-number,  and  input/output  panels.  Note  the  visual  display:  Ping  015, 
leg  3,  mode  5,  source  1,  hydrophone  00,  and  travel  time  0150.0  ms.  Leg  refers  to  the  array 
leg  which  is  being  measured  and  is  correlated  with  the  mode.  Source  refers  to  the  source 
from  which  the  ping  will  be  transmitted. 

Figure  10  shows  the  front  panels  open  and  the  wiring  of  the  libraries.  Also  seen  is  the 
buffer-amplifier-filter  panel  for  the  13  hydrophone  channels.  Figure  11  shows  the  rear  of 
the  rack  and  the  interconnecting  cables.  Figure  12  shows  the  controller  and  computer  racks 
of  the  Bunker-Ramo  computer  which  was  assigned  to  this  system  for  the  Pacific-Sea-Spider 
project. 

The  location  of  all  of  the  logic  cards  is  given  in  Appendix  B,  along  with  the  primary 
function(s)  of  each  card  or  of  its  components.  Of  course,  particularly  with  gate  cards,  one 
or  more  of  the  gates  can  be  used  in  other  than  the  function  specified.  Cabling  functions  are 
given  in  Appendix  C. 
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Fig.  8  Relay  rack  Fig.  9— Control,  preset-number, 

and  input/output  panels. 
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The  operation  of  the  signal  detectors  was  explained  in  the  theory  section  and  will  not 
be  repeated.  The  operation  of  the  controller  and  counter  will  be  explained  with  the  aid  of 
the  block  diagram  (Fig.  5b),  the  schematics  in  Appendix  F,  and  the  timing  diagram  given  in 
Fig.  13.  The  logic  type  used  in  this  part  of  the  system  is  the  NAND  gate,  with  -6  volts  or 
open  being  a  1  and  0  volts  or  ground  being  a  0. 

Starting 

The  starting  of  the  system  must  be  synchronized  to  the  1-kHz  acoustic  signal.  This  is 
accomplished  by  squaring  the  sync  signal*  (a)  and  gating  it  with  a  flip-flop  signal  (f).  The 
flip-flop  signal  is  clocked  on  by  the  positive-going  level  (d)  of  a  one-shot  multivibrator  which 
is  used  to  delay  the  acoustic  signal  so  that  it  is  in  the  middle  of  the  telemetry-transmitter  on- 
time.  This  one-shot  is  triggered  by  either  the  manual  button  (b)  or  by  a  recycle  signal  (c,E) 
from  the  rest  of  the  controller.  The  same  signal  (b  or  c)  also  triggers  the  one-shot  to  generate 
a  turn-on  gate  (e)  for  the  Pacific  Sea-Spider  telemetry  transmitter. 

The  gated  sync  signal  (a*f),  when  going  positive,  triggers  a  flip-flop  (g),  which  enables  a 
gate,  allowing  the  next  positive-going  sync  signal  (a)  to  be  passed  as  a  start  signal  (h  or  stt)  to 
turn  on  the  control  flip-flop  of  the  rest  of  the  system.  The  positive-going  transition  of  the 
inverse  of  this  signal  (h)  triggers  a  flip-flop  (k)  to  lock  out  the  synchronizing  signal  until  the 
entire  start  system  is  reset  either  manually  or  by  the  inverse  recycle  signal  (c). 


*  Letters  in  parentheses  refer  to  the  signals  shown  in  Fig.  13. 
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Fig.  13— Controller  logic  timing  for  the  full-automatic,  S1/S2/S3  mode 


The  manual  start  signal  (b)  is  generated  by  a  pulse  generator  controlled  by  the  push¬ 
button  and  is  inhibited  by  the  control  flip-flop  (A)  while  the  time  counter  is  running.  A 
green  pilot  light  (part  of  the  start  pushbutton)  indicates  “Ready”  when  the  inhibit  A  is  re¬ 
moved,  the  time  counter  is  stopped,  and  the  system  is  ready  to  operate. 

Control 

The  control  flip-flop  output  (A)  enables  the  2-MHz  master-clock  oscillator  signal  and 
the  10-kHz  clock  signal  (A6-6)*  to  the  time  counters.  It  is  also  tied  to  the  run  pilot  light  in 
the  start  pushbutton  and  gates  out  the  sequence  counter  in  the  S1/S2/S3  mode  to  indicate 
which  source  is  transmitting  and  to  select  the  appropriate  mutes. 


See  Appendix  F  schematics. 


NRL  REPORT  7322 


23 


In  the  manual  mode  of  operation  the  control  flip-flop  (A)  also  places  a  reset  level  on 
the  time  clock  and  the  mute-gate  flip-flop  when  the  control  turns  off. 

The  control  flip-flop  inverse  signal  (A)  is  used  by  gating  with  the  in-cycle  reset  (D)  to 
extend  itself  (M).  This  allows  the  final-reset  control  flip-flop  to  be  held  on,  preventing  the 
in-cycle  reset  (D)  from  becoming  a  recycle  signal  (E)  and  enabling  it  to  become  a  final  reset 
(L)  for  the  sequence  (source)  counter.  More  about  this  later.  This  signal  (A)  also  is  OKed 
with  the  mute  gate  (N),  which  is  on  during  an  automatic  sequence  even  when  the  signal  (A) 
is  off,  to  drive  the  INSEQ  pilot  light  on  the  stop-and-manual-reset  pushbutton. 

The  stop-and-reset  button,  when  pressed,  turns  off  all  circuits  and  resets  all  counters, 
etc.,  to  the  ready  state  at  the  start  of  a  sequence.  A  gate  (A3-6)  is  used  to  provide  such  a 
signal  at  power  turn-on  to  normalize  the  system. 

The  10-s-period  count  from  the  time  counter  (B)  is  inhibited  either  when  in  manual 
mode  or  when  a  transponder  has  been  selected  (V),  until  the  prerun  time  has  expired.  If 
neither  of  these  are  present,  the  positive  transition  of  the  gated  and  inverted  time  signal  (C) 
advances  the  delay-time  (or  10-s)  counter.  The  inverse  signal  (C)  resets  the  mute-gate  flip- 
flop  at  8  s  and  the  sync-start,  section  as  well. 

At  the  end  of  the  preset  delay  (pulse-repetition-  rate/delay-to-ready  switch)  an  output 
triggers  a  repetition  rate  one-shot  (D).  This  level  is  used  in  any  of  the  automatic  modes  to 
reset  the  control  flip-flop  to  the  off  state.  It  (D)  is  ORed  with  the  manual-stop-and-reset 
signal  and  the  differentiated  manual-mode  reset  (A)  to  yield  the  in-cycle  reset,  which  directly 
resets  the  storage  system  and  the  data  readout,  all  the  counters  except  the  sequence  (source) 
counter,  and  the  prerun  stages  of  the  time  counter.  The  in-cycle  reset  also  is  ANDed  with 
the  inverse  control  signal  (A)  to  produce  M.  This  latter  signal  (M)  is  essentially  A  extended 
by  D  and  controls  the  final-reset  flip-flop. 

The  inverse  level  (D)  is  ANDed  with  the  final-reset  flip-flop  level  (J)  to  produce,  after 
the  entire  sequence  is  completed,  the  final  reset  (L),  which  resets  the  sequence  (source) 
counter.  It  (D)  is  ANDed  with  K  in  two  gates.  One  of  these  yields  a  set  signal  for  the  mute- 
gate  flip-flop,  turning  it  on  prior  to  the  acoustic  ping  in  automatic  modes.  The  other  gate 
also  includes  a  signal  level  from  the  sequence  counter  and  the  FULL- AUTOMATIC  switch 
to  derive  the  recycle  start  signal  (E). 

There  are  five  modes  of  operation,  determined  by  a  front-panel  switch,  for  the  position¬ 
determining  system.  These  are:  1,  a  manual  mode  in  which  the  source  to  be  used  is  hand- 
selected  and  a  ping  on  that  source  is  sent  for  each  push  of  the  start  button;  2,  3,  4,  auto¬ 
matic  modes  in  which  a  particular  source  is  selected,  and  with  a  push  of  the  start  button, 
three  pings  are  transmitted  on  that  source;  and  5,  an  automatic  mode  in  which  a  push  of  the 
button  sends  out  a  sequence  of  signals  on  the  south,  northwest,  and  northeast  legs,  one  at  a 
time,  in  turn. 

In  addition,  as  explained  earlier,  capability  for  full  or  semiautomatic  operation  is  in¬ 
cluded.  In  fully  automatic  operation  the  (F  +  G)  line  is  left  open  and  provides  a  permanent 
enable  to  the  K  -  D  gate.  Thus  each  time  the  delay  time  between  signals  is  reached,  D 
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generates  a  recycle  signal  (E)  which  restarts  the  system,  except  when  ihe  third  ping  has  been 
transmitted.  Then  signal  H,  which  indicates  the  end  of  sequence,  changes  the  state  of  K. 
Because  this  state  is  only  changed  back  by  M  (extended  A),  the  last  reset  (D)  will  be  blocked 
and  will  produce  no  recycle  signal  (E). 

In  semiautomatic  operation,  there  are  two  things  which  can  happen.  In  the  S1/S2/S3 
mode  a  ground  level  from  the  mode  switch  placed  on  gate  A8-23  places  an  inhibit  on  the 
gate  generating  the  E  signal,  and  no  recycling  occurs.  Thus  at  the  end  of  the  delay-time 
count  the  system  will  pause,  with  the  control  flip-flop  off  and  all  other  circuits  ready  to  go 
in  their  normal  spot  in  sequence.  The  effect  in  Fig.  13  will  be  to  remove  the  E  pulses  and 
lengthen  the  interim  off-level  of  A.  A  push  of  the  start  button  then  sends  out  a  ping  on  the 
source  which  had  been  hand-selected  at  the  Pacific  Sea-Spider  computer  console.  In  any  of 
the  three  modes  for  three  pings  on  one  source,  the  0  state  of  the  sequence  counter  is  used  to 
inhibit  E  in  the  same  way  as  the  switched  ground.  After  the  0  state  (the  first  ping),  however, 
the  inhibit  is  removed,  and  the  recycle  signal  (E)  sends  out  the  three  pings  automatically, 

The  acoustic  ping  is  initiated  by  the  ping-gate,  one-shot  output  (P).  This  one-shot  is 
triggered  in  one  of  two  ways.  In  the  manual-operation  mode,  the  signal  from  the  control 
flip-flop  (A)  is  switched  to  an  inverter,  and  the  inverted  signal,  after  differentiation,  is  used 
to  trigger  the  ping  at  the  beginning  of  the  control-on  state.  In  the  automat  ic  modes  the 
triggering  signal  is  a  result  of  ANDing  the  mute  gate  (N)  and  the  inverse  start  (STT).  In 
either  case,  the  ping  begins  in  synchronization  with  the  start  signal  to  within  a  few  micro¬ 
seconds. 

The  ping  one-shot  output  (P)  sets  a  flip-flop  which,  after  level  shifting,  is  used  to  gate  on 
the  Pacific  Sea-Spider  acoustic  signal.  This  flip-flop  is  reset  by  a  gated  signal  from  the  time 
counter.  If  no  transponder  has  been  selected,  the  reset  occurs  at  8  ms  after  the  start,  if  a 
transponder  has  been  selected,  reset  will  occur  at  80  ms.  The  transponder  itself  is  set  to  pro¬ 
duce  a  10-ms  ping. 

The  ping  one-shot  output  (P)  also  serves  other  functions.  It  is  used  as  an  input  to  the 
oscillograph-control  circuits  to  normalize  them,  thus  indicating  that  a  ping  has  been  sent.  It 
(P)  is  ORed  witli  tlie  manual-stop-and-reset  function  to  produce,  after  gating  with  the 
transponder-state  output,  the  regular  counter  reset  or  the  transponder  prerun  time  in  the 
appropriate  time-counter  stages.  In  other  words,  if  a  6-s  prerun  time  is  desired,  the  last  two 
decades  of  the  counter  are  set  to  provide  a  count  state  of  4000.0  ms,  instead  of  0.0  ms. 
Preruns  are  provided  in  500-ms  intervals  from  3500  to  0000  ms  inclusive. 

The  other  output  of  the  ping  one-shot  (P)  is  used  to  turn  on  a  transponder-control  flip- 
flop  if  that  flip  flop  is  switched  on  at  the  control  panel. 

The  mute-gate  signal  (N)  is  used  to  drive  the  sequence  counter.  This  counter  starts  in 
the  00  state,  calling  for  Sj .  Eight  seconds  after  a  ping,  the  counter  advances,  first  to  01 . 
calling  for  S2,  then  to  10,  calling  for  S;J.  After  the  third  ping  the  counter  advances  to  11. 
This  state  is  detected  and  triggers  the  end-of-sequence  flip-flop  (11).  The  latter  sets  the  final- 
reset  flip-flop  to  block  E,  N,  and  P  and  to  enable  L. 
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Each  of  the  first  three  states  of  the  sequence  counter  is  gated  out  when  the  control 
flip-flop  (A)  is  on  if  the  mode  switch  is  not  on  one  of  the  conditions  of  three  pulses  on  one 
source  (SI,  S2,  S3).  After  inverting  and  ORing  with  the  mode  switch  of  one  source  and 
three  pulses  are  to  be  used,  the  resulting  level  is  usable  for  automatic  source  selection.  In 
this  case,  where  such  source  selection  is  unavailable,  these  levels  are  used  to  select  the  proper 
transponder  when  a  transponder  is  called  for  by  the  proper  control-panel  switch. 

These  same  levels  are  then  gated  by  the  mute  gate  signal  (N ).  When  the  mute  gate  is 
triggered  by  D*K,  it  gates  out  the  three  levels  in  such  a  way  as  to  yield  a  negative  on  the  S 
line  and  a  positive  on  the  S  line  if  in  state  0  (source  1 )  These  latter  states  control  the  proper 
preset-number  mute  times.  Until  an  end-of-delay  (I>K)  occurs,  the  mute  gate  signal  (N) 
serves  as  a  general  mute  and  after  double  inversion  as  three  mutes  S,  NW,  and  NE. 

The  positive  on  the  S  line  referred  to  above  is  fed  through  part  of  the  Pacific  Sea-Spider 
mode  switch.  If  in  modes  1  or  2,  in  which  the  S  leg  is  being  measured,  this  positive  level  is 
buffered  and  used  as  the  up-leg  mute,  while  inverted,  it  enables  the  cross-leg  line.  In  modes 
3  and  4  the  NE  source  line  is  monitored  and  when  positive  produces  the  up-leg  mute,  and  in 
mode  5  the  NW  source  does  the  same. 

A  further  word  about  muting.  Table  5  gives  the  estimated  travel  times  (using  the  ray- 
trace  program  for  average  velocity  previously  mentioned),  the  proposed  preset  times  (when 
the  mute  would  be  removed),  and  the  assigned  number  for  that  time  for  both  up-leg  and 
cross-leg  measurements.  From  this  table  one  can  see  that  each  mode,  which  will  have  a  par¬ 
ticular  set  of  hydrophones  associated  with  it,  and  the  type  of  measurement,  up  or  cross-leg, 
will  determine  what  preset  number  should  be  applied  to  which  hydrophone  detector. 

de  6  associates  the  hydrophone  depth,  hydrophone  number,  and  measurement  mode 
with  the  preset  number  to  be  used.  The  gating,  which  occupies  most  of  Fig.  F2,  accomplishes 
this.  The  left  half  of  Fig.  F2  shows  the  gating  for  the  14  preset  numbers  and  for  the  up-  and 
cross-leg  start  times  and  the  up-  and  cross-leg  stop  times  for  the  oscillograph.  The  up-  and 
cross-1  '  lutes  are  used  to  select:  (a)  the  sets  of  preset  numbers  which  will  be  generated 

(nurr  3  to  6  in  up-leg  measurements  only,  and  number  8  in  cross-leg  only),  and  (b)  the 
correct  preset  number  as  a  function  of  up-  or  cross-leg  and  to  assign  the  correct  number  to 
the  correct  hydrophone. 

The  other  mute  sets  (S,  NW,  NE,  S,  NW,  NE,  and  general)  are  also  used  in  selecting  the 
correct  number  for  the  correct  hydrophone  and,  in  the  case  of  the  general  mute,  in  prevent¬ 
ing  the  preset  number  from  reaching  the  signal  detectors  if  the  system  is  not  in  an  active- 
hydrophone  interval. 

The  Pacific  Sea-Spider  design  does  not  always  assign  the  same  hydrophone  to  the  same 
telemetry  channel.  Thus  relay  switching  is  provided  to  switch  the  telemetry  channel,  if  re¬ 
quired,  to  the  correct  hydrophone-signal  detector  in  the  case  of  hydrophones  4  to  7  and  9 
to  12. 

The  rest  of  the  circuits  on  Fig.  F2  are  details  of  nonstandard  circuits  built  on  the  blank 
cards  of  the  ping  counter.  Each  ping  trigger  (P)  advances  the  ping  counter.  A  sample  of  the 
time-marker  output  is  given  in  Fig.  14. 
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Table  5 

Pacific  Sea-Spider  Estimated  Travel  and  Mute- Removal  Times 
For  All  Conditions 


Hydrophone 

Depth 

(ft) 

Up  Leg 

Cross  Leg 

Estimated 

Time 

(ms) 

Preset 

Time 

(ms) 

Preset 

lime 

Generator 

Numlier 

Estimated 

Time 

(ms) 

Preset 

Time 

(ms) 

Preset 

Time 

(ms) 

150 

5205.0 

5150 

10,  11 

5211.9 

5200 

11 

300 

5164.3 

5150 

10,  11 

5202.0 

5150 

10 

2500 

4529.7 

4450 

7 

5079.3 

5050 

9 

2515 

— 

4450 

7 

— 

5050 

9 

2538 

— 

4450 

r 

— 

5050 

9 

2572 

— 

4450 

7 

- 

5050 

9 

2623 

4492.0 

4450 

7 

5074.2 

5050 

9 

3000 

4384.0 

4350 

6 

5060.4 

5050 

- 

6000 

3513.9 

3500 

5 

5027.1 

5000 

8 

10,000 

2363.9 

2300 

4 

5197.4 

5150 

10 

10,015 

— 

2300 

4 

— 

5150 

10 

10,072 

2342.0 

2300 

4 

5202.5 

51  50 

10 

10,500 

2097.0 

2050 

3 

5234.8 

5200 

11 

13,000 

1511.7 

1500 

2 

5470.3 

5450 

12 

16,000 

668.4 

650 

1 

5845.3 

5800 

13 

18,400 

- 

- 

- 

6203.1 

6150 

14 

Start! 

2 50 ms 

— 

— 

4500ms 

-- 

Stop! 

— 

5500ms 

— 

6200ms 

— 

tThese  refer  to  the  oscillograph  control. 


The  time  input  to  the  mixer  is  generated  (Fig.  FI)  in  three  gated  flip-flops  (B8).  The 
first  is  reset  at  0.5  ms  set  at  1.0  ms  and  yields  a  time-symmetrical,  1 -ms-period  square  wave. 
This  1-ms  signal  resets  the  second  flip-flop,  which  is  set  every  10  ms.  Thus  the  output  of  the 
second  flip-flop  is  an  0.5-ms  pulse  occurring  every  1  0  ms.  The  third  flip-flop  is  set  every 
100  ms  and  reset  4  ms  later.  The  preset-number  (mute-removal)  pulses  and  the  signal- 
detected  pulses  are  also  inputs  to  the  mixer. 

Time  Counter 

The  time  counter  consists  of  five  stages  of  BCD-coded,  divide-hy-10  units  with  a  10- 
kHz  clock  input.  The  first  three  stages  are  of  normal  design.  The  last  two  stages,  however, 
are  modified  so  that  they  can  be  reset  to  a  number  equal  to  10  minus  the  set  prerun  time  for 
the  transponder,  e.g.,  for  a  prerun  time  of  4.5  s,  the  last  two  stages  are  preset  to  5.5  s  when 


Table  6 

Pacific  Sea-Spider  Preset  Number  to  Hydrophone  Correlation 
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Fig.  14— Sample  waveforms  of  the  time/mark  output 

desired  instead  of  to  zero.  Besides  the  individual  BCD  bits  to  the  time  storage  register,  the 
counter  also  provides  a  10-s-period  waveform  which,  after  gating  with  the  transponder  state, 
provides  the  control  flip-flop  reset  in  the  manual  mode.  The  10-s-period  waveform  also  resets 
the  transponder  flip-flop  when  the  zero  count  is  reached  at  the  end  of  the  prerun  time  and  is 
used  to  develop  the  end-active-hydrophone  (C)  and  delay-time  clock  (C)  signals.*  Waveforms 
having  periods  of  8  ms  and  80  ms  arc  used  to  reset  the  acoustic-signal  gate  at.  the  proper 
time,  depending  on  the  state  of  the  transponder  flip-flops. 


Capital  letters  rrfer  to  the  signal  shown  in  Fig.  13 
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Data  Storage  and  Readout 

Data  Storage.  The  operation  of  this  part  of  the  system  is  described  using  the  block  dia¬ 
gram,  Fig.  5b,  the  timing  diagram,  Fig.  15,  and  Fig.  F3.  The  logic  type  used  in  this  part  is 
the  NAND  gate  with  +5  volts  or  open  being  a  "1”  and  O  volts  or  grounded  living  a  "0.”  The 
travel-time  data-siorage  registers  consist  of  input-level  converter-buffers  for  the  time  bits,  the 
read-command  lines,  the  in-cycle-reset  line  (AG,  12,  lb,  21,  H30,  32),  and  storage  registers 
detailed  in  Fig.  1G  (Al,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  32).  Readout 
and  control  systems  will  be  described  later. 
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Fig.  1  F>— Dat-a-readout  logic  timing  for  fully-automadc  display 

The  basic  storage  block  of  Fig.  16  is  for  one  decimal  digit  of  one  hydrophone-detector 
channel.  Since  five  decimal  digits  are  recorded,  five  of  these  basic  blocks  are  required  per 
hydrophone  channel.  For  the  13  channels  of  this  system,  65  basic  storage  blocks  an*  re¬ 
quired.  There  are  four  such  blocks  on  each  logic  card,  so  17  cards  are  required. 

These  storage  blocks  are  arranged  primarily  for  the  12  Pacific  Sea-Spider  hydrophones 
and  use  parallel-data  entry.  Each  binary  hit  of  a  decimal  digit  uses  one  of  the  flip  flops  of  the 
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Kig.  10  Datastorage  element,  one  decimal  digit 


four  available  in  each  basic  storage  block.  Thus  the  0.1 -ms  bit  of  the  tenths  of  a  millisecond 
digit  occupies  the  A  flip-flops  of  cards  1,  3,  and  5;  the  0.2  ms  bit  is  on  flip-flop  B;  etc.  Cards 
1,  3,  and  5  store  all  the  hits  of  the  tenths  of  a  millisecond  digit  of  the  12  1’SS  hydrophones, 
cards  7,  y,  and  1 1  store  all  the  bits  of  the  millisecond  digit  of  the  12  hydrophones,  etc. 

The  five  read-time  lines  associated  with  all  the  digit-storage  blocks  for  each  hydrophone 
are  tied  together.  A  1  on  this  line  reads  into  the  storage  flip-flop  the  1  states  of  all  20  bits 
of  time  information. 


Likewise,  all  five  readout-time  lines  of  the  same  digit-storage  blocks  arc  tied  together, 
and  a  1  on  the  line  will  read  out  the  stale  of  the  20  storage  flip-flops  in  parallel .  During  readin 
of  data,  one  or  more  than  one  read  line  can  be  active  at  the  same  time.  The  readout-control 
system,  however,  assures  that  only  one  of  the  readout  lines  of  the  13  available  is  activated. 

All  the  bits  for  hydrophone  13  are  stored  on  cards,  A31  and  A32;  1C  bits  are  on  A31 . 
and  four  arc  on  A32.  Operation  is  the  same  as  for  the  12  1’SS  hydrophones. 

The  time-bit-output  lines,  260  in  number,  are  fed  to  16-input  OR  gates  for  combining 
to  one  20-bit  set  of  lines.  The  BOD  data  for  ping  number,  sourer  activated,  and  mode  in  use 
are  also  inputs  to  these  OR  gates.  Their  function  is  to  take  16  input  data  words  of  up  to  20 
bits  and  combine  them,  one  at  a  time,  into  one  word  of  up  to  20  bits,  which  is  then  used  for 
visual  display  of  time,  etc,,  on  the  control  panel  and  is  available  for  scanout  to  the  paper- 
tape  perforator. 

Data  Readout.  The  20  bits  of  the  words  that  are  available,  one  word  at  a  time,  at  the 
output  of  the  OR-gate  combiner  are  fed  to  AND  gates  and  are  read  out,  four  bits  in  parallel 
at  a  time,  in  six  sequenced  scans  (one  scan  is  allowed  for  the  decimal  point)  to  an  OR-gate- 
buffer/level-converter.  For  example,  if  the  time  stored  in  the  data  storage  register  for  H, 
is  1248.7  and  hydrophone  1  readout  is  railed,  then  the  BCD  number  0001  0010  0100  1000 
0111  is  available  for  read-out.  The  scan  control  circuits  will  gate  out  in  sequence:  000001, 
000010,  000100,  and  001000.  A  code  for  a  decimal  point  (01 1011)  is  then  inserted  on  the 
output  lines,  and  the  final  000111  will  be  gated  out.  Appropriate  codes  for  blanks  (110000) 
and  carnage  returns  (101010)  are  generated  as  required. 
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Clock  and  Clock  Control.  The  tape  perforator  used  in  the  system  is  made  by  the  Tally 
Corporation  and  is  a  duplicate  of  the  one  in  the  Bunker-Ramo  computer.  It  has  a  minimum 
dock  period  of  16  ms.  Therefore  the  10-ms  bit-time  line,  which  has  a  20-ms  period,  is  used 
to  develop  the  scan  clock  for  the  readout  (A  or  T)  after  gating  by  the  control  flip-flops. 

The  scan-clock  control  flip-flop  output  is  reset  to  ground  by  the  in-cycle  reset  from  the 
system  controller  (D)  or  by  the  manual  stop-and-reset.  Eight  seconds  after  a  ping  has  been 
sent,  all  data  should  be  stored  in  the  register.  The  8-s  time  bit  is  then  used  to  set  the  scan 
clock-control  flip-flop  if  (a)  the  carriage-return  (CR)  control  (N)  is  positive  (it  should  be, 
after  a  reset),  (b)  the  full-scan  sequence  has  not  been  completed  (level  R),  and  (c)  no  mute 
for  a  transponder  is  being  received  from  the  system  controller.  The  set  scan-control  flip- 
flop  (CLK-CONT,  Fig.  15)  allows  the  clock  frequency  to  pass  (A)  until  the  flip-flop  is  reset. 
This  occurs  at  the  end  of  the  total  scan/sequence  when  the  stop  control  (P)  is  positive  at  the 
same  time  that  the  CR  control  (N)  goes  positive  (N,  the  dock  for  this  control  flip  flop,  goes 
negative). 

This  same  end-of-scan/sequence  also  sets  the  extra-clock  flip-flop  (level  S),  gating  out 
two  extra  dock  periods  (T)  for  data-bloek  spacing.  The  extra-clock  flip-flop  is  normalized 
by  the  reset  pulses  and  by  the  second  stage  of  the  blank  counter  (D). 

The  reset  pulses  normalize  the  8-s  gate-control  flip-flop  (R).  The  end-of-scan/sequence 
sets  this  flip-flop  and  blocks  the  8-s  turn-on  signal  until  an  in-cycle  or  manual  reset  occurs. 

This  prevents  extra  data  readouts  when  delay  times  between  pings  longer  than  10  s  are  in  use. 

Blank  and  Carriage  Return  Control.  When  the  in-cycle  or  manual  reset  from  the  system 
controller  occurs,  the  reset  and  carriage-return  flip-flops  are  normalized,  and  the  2-stage  blank, 
3-stage  scan,  and  sequence  counters  are  reset. 

The  CR  control  level  (N)  in  the  normal  state  gates  on  the  dock  to  the  blank  and  scan 
counters.  However,  the  blank-counter  level  (D)  blocks  the  clock  from  the  scan  counter. 

Thus  the  first  two  dock  periods  produce  two  counts  (B  and  C)  on  the  blank  counter  while 
the  scan  counter  in  the  0  state  gates  out  the  two  dock  pulses  onto  the  blank  generation  line 
(B24-44).  The  latter  inserts  a  1  oil  the  “32”  line  of  the  tape  perforator,  and,  if  there  is  no 
CR  called  for  (N  normal),  a  1  on  the  “16”  line,  yielding  the  code  110000  for  blank. 

After  the  second  pulse  the  blank  counter  (C)  blocks  itself  from  further  counting,  and 
the  inverted  signal  (D)  gates  the  dock  into  the  scan  counter  (D1).  The  latter,  for  each  state 
advanced,  gates  out  one  clock  pulse  to  the  proper  set  of  four  readout-bit  gates  for  a  decimal 
digit  to  the  tape  perforator.  Thus  in  state  1  the  scan  counter  gates  out  the  four  bits  of  the 
thousands  digit;  in  state  2,  the  four  bits  of  the  hundreds  digit;  etc.,  with  fifth  state  generating 
the  decimal  point. 

The  scan  counter  state  of  three  bits  is  also  fed  to  three  AND  gates  along  with  the 
sequence-counter  gated  outputs  to  determine  the  number  of  digits  to  be  scanned  out.  Thus 
at  the  start  of  a  sequence,  the  sequence  counter  will  be  in  the  0  state,  calling  for  a  ping 
number,  and  line  CC  will  be  positive.  This  (CC)  will  gate  out  the  “3”  state  of  the  scan 
counter  (II)  at  the  time  that  the  third  digit  is  gated  out.  This  end-scan  output  (11)  initiates 
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the  scan-reset/sequence-advance  cycle.  In  the  number-1  and  number-15  sequence  states,  the 
end-scan  signal  (H)  is  generated  by  a  signal  (BB)  at  the  time  the  second  digit  is  read  out.  In 
all  other  states,  2  to  14,  the  end-scan  signal  (H)  is  generated  by  the  signal  (DD)  at  the  sixth 
count  of  the  scan  counter,  which  corresponds  to  the  readout  of  the  fifth  digit.  As  soon  as 
the  scan  counter  resets,  the  end-scan  signal  II  is  restored  to  normal. 

The  end-of-scan  signal  (H)  is  gated  by  the  inverse  clock  (A)  to  yield  the  control  signal 
(J)  for  the  reset  flip-flop.  The  latter  signal  (J)  is  clocked  into  the  reset  flip-flop  by  the  in¬ 
verse  clock  (A)  to  produce  the  reset  command  (K).  The  latter,  also  gated  by  the  inverse 
clock  (A),  then  becomes  the  scan-  and  blank-counter  reset  (L  and  L1)  and  when  inverted  is 
used  to  clock  the  sequence  counter  for  computer  (automatic)  operation.  The  next  clock 
pulse  will  reset  the  reset  flip-flop,  because  the  end-scan  level  (H)  will  be  back  to  normal. 

The  reset  command  is  gated  with  a  CR  call  (AA)  which  is  generated  by  the  sequence 
counter  in  states  0,  1,  6,  11,  14,  or  15  to  indicate  the  need  for  a  carriage  return.  The  result¬ 
ing  CR-call  signal  (M)  is  clocked  into  the  CR  flip-flop  by  the  clock  (A)  and  yields  the  CR- 
control  signals  (N  and  N).  These  are  normalized  by  the  succeeding  clock  pulse,  because  the 
reset-command  level  (K)  will  have  been  normalized. 

If  a  CR-command  signal  (N )  exists,  it  blocks  both  the  scan  and  blank  counters  for  the 
one  clock  period  that  it  exists.  It  also  blocks  any  start  pulses  from  the  system  controller 
during  the  carriage  return.  The  inverse  CR  command  (N)  is  gated  out  by  the  clock  to  enable 
the  “2”-  and  “8”-output  bit  lines  and  disable  the  “16”-bit  line  which  would  otherwise  be 
produced  by  the  blank  generator.  The  latter  produces  the  enable  signal  on  the  “32”  line, 
yielding  a  total  output  of  101010,  a  carriage-return  code.  After  the  one  clock  period  used 
for  carriage  return,  the  regular  two  counts  for  blanks  followed  by  the  scan  count  will  occur. 

The  inverse  CR  command  (N)  also  serves  as  the  clock  (at  the  trailing  edge)  for  the  clock 
control  flip-flops,  which  will  be  clocked  off  at  the  end  of  the  entire  scan/sequence  cycle 
when  the  sequence  counter  returns  to  the  0  state. 

The  0  state  of  the  sequence  counter  (CC)  is  provided  by  an  inverter.  In  addition  to 
controlling  the  number  of  digits  being  read  out  (H,  J,  K),  this  signal  (CC)  is  also  gated  with 
the  CR  call  (M)  to  obtain  the  stop-command  signal  (T).  Thus  in  the  beginning  of  a  sequence 
the  zero  state  (CC)  is  inhibited  and  removed  by  the  CR  call  (M)  before  the  CR-command 
(N)  occurs.  By  this  means  the  clock-control  flip-flops  do  not  change  state. 

When  the  sequence  counter  goes  from  the  15  state  to  the  0  state  at  the  end  of  a  se¬ 
quence,  however,  the  stop  control  (P)  will  go  positive  as  the  CR  call  (M)  is  normalized. 

Since  the  CR-command  (N)  logs  the  call,  its  inverse  (N)  will  clock  in  the  stop  control  (P), 
remove  the  clock  (A),  block  the  8-s  start  via  signal  R,  and,  if  the  dashed  modification  is  in¬ 
stalled,  enable  the  end-readout  clock  control  (S). 

This  will  gate  out  end-readout  clock  pulses  (T),  which  are  ORod  with  the  regular  clock- 
pulse  line  to  drive  the  blank  counter.  After  two  clock  pulses  the  second-stage,  blank- 
counter  output  (C)  will  normalize  the  end-readout,  flip-flop  and  stop  the  clock  pulses  (T). 
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These  same  two  end-readout  clock  pulses  are  used  to  override  the  CR  and  blank  out¬ 
puts  of  the  scan  generator  and  cause  generation  of  the  101010  carriage-return  signal.  The 
result  is  an  extra  pair  of  carriage  returns  for  separation  between  each  block  of  data  from  one 
source. 

Another  modification  which  can  be  used,  modification  A,  is  to  start  the  readout  process 
at  7  s  instead  of  8  s.  Since  the  complete  scan/sequence  process  takes  a  bit  more  than  2  s,  a 
new  ping  cannot  be  transmitted  10  s  after  the  first  ping,  and  the  minimum  iepetition  rate  is 
20  s.  If  the  readout  is  started  at  7  s,  it  should  be  finished  well  before  10  s,  and  a  ping- 
repetition  rate  of  10  s  is  possible. 

This  modification  requires  a  change  in  the  source-number  display  and  readout  gating, 
however.  The  reset  states  of  the  sequence  counter  in  the  system  controller  are  level  shifted 
(B30)  and  gated  to  provide  for  visual  display  of  the  source  number  in  use  and  to  provide  the 
input  to  the  OR-gate  combiner  for  perforated-tape  readout. 

Modified  or  not,  the  source  number  display  remains  the  same,  showing  1  for  system 
sequence  state  0,  2  in  state  1,  3  in  state  2  and  0  in  state  3,  indicating  the  approaching  end 
of  the  cycle.  If  the  system  is  modified,  the  perforated  tape  sees  the  state  of  the  advanced 
system-sequence  counter  (this  occurs  at  8  s)  and  must  read  state  1  as  1,  2  as  '2,  and  3  as  3. 

If  modified  so  that  the  readout  starts  before  the  system-sequence  counter  advances,  the 
paper  tape  senses  in  the  same  way  as  the  visual  display. 

The  binary-output  states  of  the  readout-sequence  counter  are  gated  to  provide  a  visual 
readout  of  the  hydrophone  channel  which  is  to  be  read  out,  i.e.,  state  2  indicates  1  on  the 
hydrophone  number  display. 

The  states  of  the  ping-number  counter  are  level  shifted  and  gated  out,  in  leadoul- 
sequence  state  0,  to  the  OR-gate  combiner  and  the  perforator.  Likewise,  state  15  gates  out 
a  BCD-coded  mode  number  generated  by  the  Pacific  Sea-Spider  mode  switch. 

A  manual  mode  of  operation  of  the  readout  is  available  as  a  backup  to  the  tape 
perforator.  In  this  mode  the  scan  generator  is  not  used.  Instead  the  sequencer  is  either 
stepped  by  a  momentary  switch  or  is  preset  to  a  specific  state  by  a  push  button  and  a  rotary 
switch  wired  to  generate  the  desired  hydrophone-channel  state.  Reset  of  the  system  is  ob¬ 
tained  from  the  mute  line  from  the  system  controller  and  is  the  same  signal  as  the  ping- 
initiate  signal  (P),  the  manual-stop-and-reset  signal,  or  the  transponder-on-mute  signal. 


RANGE  CALCULATIONS 

A  detailed  report  on  the  computer  program  written  in  FORTRAN  11  for  the  Bunker- 
Ramo  compiler  is  given  in  the  report  “Bunkcr-Ramo  133/141  Computer  Operations  Manual- 
Pacific  Sea-Spider  Motion  Measurements,”  by  M.K.  Marek,  to  be  published  as  an  NHL  memo¬ 
randum  report. 
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In  general  the  program  is  in  two  parts.  The  first  part  of  the  program  uses  velocity- 
profile  data  to  obtain  average  velocities  for  the  paths  involved,  and  the  second  part  uses  these 
velocities  and  the  travel  times  to  determine  the  coordinates  of  a  particular  set  of  hydro¬ 
phones  with  respect  to  the  base-reference  triangle. 

The  average-velocity  portion  of  the  program  uses  a  linearized  approximation  of  the 
velocity-profile  data.  This  approximation  is  done  by  breaking  up  by  eye  the  velocity-profile 
plots,  obtained  from  a  velocimeter  or  Nansen  cast,  into  straight-line  segments.  The  number 
of  segments  to  be  used  can  be  as  many  as  required  for  the  degree  of  accuracy  of  approxima¬ 
tion  desired.  The  segmented  or  linearized  data  are  then  used  as  follows. 


The  16  actual  hydrophone-depth  levels  of  the  Pacific  Sea-Spider  are  read  into  the  com¬ 
puter;  then  the  number  of  inflection  points  are  read  in;  then  the  velocity  value  and  the  depth 


Pacific  Sea*Spider:  Average  Velocity  and  Depth  Relationships 
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of  the  inflection  point  of  each  segment,  starting  at  the  bottom-hydrophone  depth  and 
ending  at  the  surface,  are  read  in;  and  finally  the  velocity  of  sound  at  the  ocean  bottom  is 
read  in. 

The  parameters  of  the  base-reference  triangle  are  computed  by  hand  and  inserted  into 
the  computer  with  the  proper  sign  when  called  for.  The  data  tape  from  the  system  tape 
perforator  is  read  in  when  called  for,  and  the  time  corrections  in  miiliseconds  (the  number 
of  cycles  after  the  start  of  the  acoustic  pulse  at  which  detection  occurs)  are  typed  in  when 
called  for.  The  computer  then  types  out  the  XYZ  coordinates  for  the  12  hydrophones. 

If  no  transponder  is  in  use,  the  time  measured  for  hydrophone  13  will  Ire  zero,  and 
nothing  happens.  When  a  transponder  is  in  use,  the  travel  time  from  surface  to  transponder 
and  return  is  measured  by  hydrophone  13  and  used  to  correct  the  other  12  arrival  times  for 
the  difference  between  counter  0  and  the  actual  acoustic  ping  from  the  transponder. 

Appendix  D  contains  samples  of  (a)  the  operating  instructions  for  the  two  programs 
and  typical  typed-in  responses,  (b)  a  sample  velocity-profile  data  tape,  (c)  a  sample  data  tape 
from  the  position  treasuring  system  (typed  by  hand),  (d)  the  resulting  HYMO  table  generated 
from  the  data  tape  B,  and  (e)  a  sample  answer  page  generated  from  data  tape  C  and  the 
HYMO  table  D. 


RESULTS 

The  position-measuring  system  has  been  tested  with  simulated  signals.  Unfortunately, 
since  the  Pacific  Sea-Spider  installation  was  not  successful,  no  operational  data  have  been  ob¬ 
tained  from  the  system.  The  following  setup  exercises  and  checks  have  been  done. 

The  axis-crossing  Schmidt  triggers  have  been  adjusted  for  true  axis-crossing,  and  the 
level-detecting  triggers  have  been  adjusted  for  uniform  detection  level.  The  preset-number 
muting  system  has  been  checked  for  accuracy  and  proper  switching.  A  simulated  signal, 
with  and  without  noise,  has  been  checked  by  using  simulated  data  tapes. 

The  axis-crossing  detector  is  set  up  by  adjusting  the  positive-going  threshold  to  0  volts, 
then  fine  adjusted  by  synchronizing  an  oscilloscope  to  the  signal,  looking  at  an  expanded 
presentation  of  the  axis-crossing  at  the  end  of  one  cycle  of  signal,  and  adjusting  the  threshold 
for  no  change  in  the  axis-crossing  position  as  the  signal  is  attenuated  by  20  db.  The  limit  of 
shift  was  arbitrarily  set  for  ±2  percent  of  the  period,  equivalent  to  about  ±0.1  ft. 

The  detection  circuits  have  been  checked  with  the  aid  of  a  pulse-train  generator  and 
the  signal  simulator  shown  in  Fig.  17.  The  filter  in  the  position-measuring  system  and  its 
bandpass  characteristics  are  shown  in  Fig.  18,  and  the  buffer-isolation  amplifiers  are  shown 
in  Fig.  19.  The  minimum  detectable  signal-to-noise  ratio  with  20-kHz  band  noise  was  -3  db. 
Converting  to  the  1-kHz  band-limited  noise  of  the  original  Pacific  Sea-Spider  system  yields  a 
minimum  detectable  signal-to-noise  ratio  of  +10  db  at.  the  output  of  the  telemetering  system. 
Actual  capability  may  be  slightly  better,  as  the  criteria  used  worr  virtually  no  noise  detection 
and  100  percent  signal  detection. 
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Kir.  1 7—  Acoustic  -signal  simulator 
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Fig.  18— Bandpass  filter  and  characteristics 

Determining  the  actual  cycle  at  which  detection  occurred  in  the  minimum  signal-to- 
noise  condition  will  be  difficult.  However,  although  this  was  not  done  with  the  simulated 
signal,  it  should  be  feasible.  As  signal-to-noise  ratio  improves,  the  ease  of  determining  the 
actual  cycle  of  detection  will  increase  rapidly. 
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Fig.  19— Buffer  amplifier 


CONCLUSIONS  AND  MODIFICATIONS 

The  system  described  in  this  report  is  a  control  and  time-measuring  system  which,  when 
used  with  three  acoustic  sources  at  known  locations,  will  measure  the  travel-times  from  the 
three  sources  to  up  to  1  2  hydrophones.  The  computer  program  developed  with  the  system 
enables  the  position  of  these  hydrophones  relative  to  the  source  positions  to  be  determined. 

The  time  measurement  is  a  phase  measurement  after  level  detection.  Thus,  if  very  short 
rise  times  and  sufficient  signal-to-noise  ratios  are  involved,  such  that  the  first  negative  half- 
cycle  can  he  detected,  the  system  has  a  time  resolution  of  lO.l  ms,  equivalent  to  about  ±6  in. 
position  uncertainity .  If  the  sources  are  high-frequeiu  y  sources  with  reasonable  rise  times, 
repeatability  of  a  fixed-time  measurement  will  also  be  lO.I  ms. 

With  low-frequency  sources  such  as  those  of  the  Pacific  Sea-Spider  (1  kip,),  a  resolu¬ 
tion  of  tO.l  ms  requires  recording  the  signals  on  an  oscillograph  and  visually  determining  the 
cycle  which  was  detected.  If  rise  times  are  about  1  to  3  cycles,  the  axis-crossing  detection 
should  not  shift  more  than  1  cycle,  and  a  repeatibility  of  ±2.5  ft  should  be  obtainable  with¬ 
out  visual  readout  of  the  detected  cycle. 

Accuracy  of  absolute  position  should  be  about  0.1  per  cent  or  better,  as  the  time- 
interval  clock  is  crystal  controlled.  The  best  accuracy  capability  will  be  primarily  a  func¬ 
tion  of  the  accuracy  of  the  velocity-profile  data  and  its  linearization. 

Modifications  are  possible  on  both  the  system  and  the  program.  System  modifications 
which  are  feasible  include  using  accurate  lime  starting  of  the  system  to  coincide  with  ac¬ 
curately  timed,  free-running  (ringers  as  sources.  Locations  of  such  pingers  to  establish  the 
reference  triangle  may  he  difficult,  however.  Also  the  delay  counter  may  ho  modified  from 
its  present  10-s  increments  to  lesser  time  increments  if  shorter  ranges  are  being  measured. 
Care  must  be  taken  to  change  other  timed  signals,  such  as  the  one  which  generates  level  C  in 
the  controller,  in  the  system  if  this  is  done. 

Modifications  to  the  program  would  include  one  to  allow  a  fixed  detection  delay  of  1 . 

2,  3,  etc.  ms,  as  required,  if  there  is  sufficient  stability  in  the  acoustic  signals,  rather  than  the 
current  typed-in  corrections  used  for  each  hydrophone.  Also,  calculation  of  movement  from 
previous  positions  may  he  a  desirable  addition. 
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Pacific  Sea -Spider  Modes  and  Active  Hydrophones* 
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*  100  series  on  south  leg 
200  series  on  northeast  leg 
300  series  on  northwest  leg 
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APPENDIX  C 

Position-Determining  System 
Interconnecting  Cables  and  Functions 
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Position-Determining  System 
Interconnecting  Cable  ami  Functions  (Continued) 
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K 

To  Oscillogph  116 

r’1-14 

H 

To  Oscillogph  H7 

P’l -15 

j 

To  OscUiogph  116 

Fl  16 

K 

To  Oscillogph  119 

P'1-17 

L 

To  Oscillogph  1110 

P'1-)K 

M 

To  Osciilogp'n  111  i 

P’1-19 

N 

To  Oscillogph  H 1  2 

P’1-20 

P 

To  Oscillogph  M  1  3 

P'  1  -I’.  1 
to  31 

Open 

Cable  fi 


Control  Hanoi  function 


PST  No  (7+8)(S)  To  ScSM  Kw 

PST  No  (7+9')(NK)  f 

PST  No  (7+9)(NW)  -iSec  Fin.  Vi 

PST  No  ( t  +  13)(NW)l 

PST  No  ( 2+1 2)(NW) 

Sc  Sc  to  T/I  1  SW 
NE  Sc  to  T/P  2  SW 
NW  Sc  to  T/P  3  SW 
From  T/P  SW  I  to  Sensing 
From  T/P  SW  2  to  Sensing 
From  T/F  SW  3  to  Sensing 
T/P  KST  to  Pro-Run  Sw  Heel 
P'm  Pr-Kn  Sw  See  P  ig  F  i 
Km  Pr-Rn  Sw  See  Fig  Fi 
P'm  Pr-Rn  Sw  See  Fig  P’l 
t  m  Pr-Rn  Sw  See  p'ig  p'l 
P'rr.  Pr-Rr.  Sw  Sec  p'ig  p’l 
Fm  Pr-Rn  Sw  See  p'ig  p'l 
SPDR  Mode  lleel  For  112 
SPDR  Mode  Heel  For  113 
SPDR  Mode  Heel  For  H4 
SPDR  Mode  Heel  For  H.ri 
SPDR  Mode  Heel  p’or  116 


3C  End 

Card  |  Cbl  Pin  j 

C25-8  A 

C25-S'  B 

C25-10  C 

(125-11  D 

C25-12  K 

C2f>- 1 3  I  F 

C25-14  H 

C25-15  J 

(125-25  PC 

C25-17  L 

025-18!  M 

(12.5-10  N 

(.125-20  P 

C  25-21  R 

C25-22  3 

025-23  T 

(125-24  U 

(.’25-25  V 

(’25-26  W 

025-27  X 

C25-28  Y 

025-29  7. 

C25-30  a 

025-3 1  b 


Cable  4 

i 

3C  h 

nd 

Control  Panel  Function  ; 

Card 

Cbl  Pin 

j 

024-8 

A 

“I 

SPUR  Mode  Him*)  For  117 

('24-9 

14 

SPDR  Mi.de  Heel  For  119  t 

024- 16 

c 

SPDR  Mode  Heel  For  1110  j 

C24-1 1 

D 

SPDR  Mode  Heel  For  111)  J 

C'24-1  2 

K 

SPDR  Mode  Heel  For  1112  | 

C24-13 

F 

RST  PNC  CJ'R  PR 

024-14 

H 

Ext  10  kHz  UNO  Jack 

024-15 

T/P  Cate  UNO  Jack  j 

021-10 

K 

Mom  Kly  to  OKC  .lack  A  HI. 

024-17 

L 

Mom  R  v  to  OSC  Jack  B  NO 

024  ■  1 8 

M 

Mom  lily  to  OSC'  Jack  C  NC 

024-19 

N 

Hold  lily  to  OSC  Jack  D  HL 

024  26 

P 

Hold  Rly  to  OSC  Jack  K  NO 

024-21 

H 

Hold  Rly  lu  OSC  Jack  K  NC 

024  22 

S 

Timc*Mk  to  OSC  Jack  H 

C*21'2:$ 

T 

PL  Com  Return 

024-2-1 

U 

IRC  Gate  RNO  Jack 

024-25 

024-26 

— 

024-27 

— 

--  1 

(’24-28 

- 

— 

,024-29 

— 

j  024-30 

— 

j  024-3 1 

— 

-  . . 
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Position-Determining  System 
Interconnecting  Cables  and  Functions  (Continued) 


Cable  6 

Card 

Cbl  Fin 

Control  Panel  Function 

B25-8 

A 

p"  ‘  " 

Recycle  Inhibit 

£25-9 

12 

See  Diy  SW  "la 

B25-10 

C 

Sec  Dly  Sw  “2”$ 

B25  11 

D 

Sec  Dly  Sw  “4”s 

B25-12 

E 

i 

Sec  Dly  Sw  Heel  1 

B25-13 

E 

Sec  Dly  Sw  Heel  2 

B25-14 

H 

Sec  Dly  Sw  Heel  4 

B25-15 

J 

S  Selected  to  Up/X  SS  Mode 

B25-16 

K 

NE 

B25-17 

L 

NW 

B25-I8 

M 

SS  Mode  Heel  Vp/X  Mute- 

B25-19 

N 

Ext  100  KC  Bnc  Jack. 

B25-20 

P 

Run  PL 

B25-21 

It 

In  Seq  PL 

B25-22 

s 

1 

Gnd 

| 

B25-23 

T 

Pst  No  1  3  To  SSM  Sw 

B25-24 

U 

Pst  No  12  Sec  P'ig.  K2 

B25-25 

V 

Pst  No  1 1  +  3  See  Kig  P'2 

B25-26 

w 

Pst  No  10  +  4  See  Fig  F2 

B25-27 

X 

Psl  No  0  +  G  See  Fig.  F2 

B25-28 

Y 

Pst  No  8  +  5  Sec  Fig  F2 

B25-29 

Z 

Pst  No  9  +  7  See  Fig  F2 

B25-30 

a 

Pst  No  10  +  11  See  Fig  F2 

B25-31 

b 

Pst  No  10+  11  See  Fig  F2 

Cable  7 

Card 

Cbl  Pin 

Control  Panel  Function 

A25-8 

A 

1  kHz  Sync  BNC  Jack 

A2I>-9 

B 

rss  let*  Xmir  BNC  (Rem  S Ti ) 

A25-10 

c 

Stt  PB  Output 

j  A25-1 1 

n 

Ready  PL 

A25-1  2 

E 

Stop  and  list  PB 

A25-13 

F 

Posdets  Mode  Sw  ( A ) 

A25-14 

H 

Posdetb  Mode  Sw  Man  Mo  Rst  j 

A25-15 

J 

Posdets  Mode  Sw  Rst  Con  FF 

A25-10 

K 

Posdets  Mode  Sw  Gt  8  Sec 

A25-17 

L 

Posdets  Mode  Sw  Adv  Seq  Ctr 

A25-18 

M 

Posdets  Mode  Sw  (N  ) 

A25-19 

N 

Posdets  Mode  Sw  Dly  Ctr  1N11 

A25-20 

P 

Posdets  ModeSw  Seq  Out  1NH 

A25-21 

R 

Posdets  Mode  Sw  SI  /S2/S3 

Sel 

A25-22 

s 

PosdeU  Mode  Sw  Si  Sel  (5) 

A  25- 23 

T 

Posdets  Mode  Sw  S2  -Sel  (NW) 

A25-24 

11 

Posdets  Mode  Sw  S3  Sel  (NE) 

A  25-25 

V 

Posdets  Mode  .Sw  Set  Seq  1 

A25-26 

w 

PosdeU  Mode  Sw  Rst  Eq.  1 

i  A 25- 27 

X 

Posdets  Mode  Sw  Set  Seq  2 

|  A25-28 

Y 

Posdets  Mode  Sw  Rst  Seq  2 

A25-29 

Z 

Posdets  Mode  Sw  (D) 

A  25-30 

a 

Posdets  Mode  Sw  (D) 

A  25-31 

b 

Posdets  Mode  Sw  F,(» 
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Position-Determining  System 
Interconnecting  Cables  and  Functions  (Continued) 


Cable  A 

Cable  H 

sua  End 

Cable 

Pin 

. 

Control  Panel  Function 

■  ~ 

SDS  End 

__  _ 

Cable 

Pm 

Control  Panel  Function 

Auu-ae 

A 

T/P  Switch  NO 

— 

B26-10 

A 

Hst  Kecj  PB 

A‘2-5,30 

a 

Time  Display:  0.1  msec 

1326-17 

13 

Man/Auto  Display  Output  Sw 

A2- 1 1,39 

i-' 

Time  Display.  0.2  msec 

1326-13 

V 

T/P  Switch  NO 

A4-5.30 

n 

Time  Display:  0.4  msec 

1327 -50 

1) 

M/A  Displ  Out  Sw  Man 

A4-U.39 

E 

Time  Display  :  0.8  msec 

B22-26 

K 

0  Displ  Out  Sw— Auto 

AM-5,30 

F 

Time  Display:  1  msec 

1327-43 

V 

Man  Adv  Sw,  NO 

AM-1 1,39 

H 

Time  Display:  2  msec 

B27-44 

11 

Man  Adv  Sw,  NC 

AlO-5,30 

j 

Time  Display:  4  msec 

B28-30 

J 

Hyd  No  Displ  *'  1  ” 

AlO-11,39 

K 

Time  Display:  8  msec 

B28-37 

K 

Hyd  No  Displ  ”  2” 

A)  4-5,30 

L 

Time  Display:  10  msec 

B28-29 

I- 

Hyd  Nt>  Displ  “4’* 

A14-ll,39 

M 

Time  Display:  20  msec 

B28-3 

M 

Hyd  Nu  Displ  “b” 

At  6-5,30 

N 

Time  Display  .  40  msec 

1328-30 

N 

Hyd  No  Displ  '  ‘  3  O’* 

A 16-1 1,39 

P 

Time  Display:  b0  msec 

.... 

P 

A20-5.30 

R 

Time  Display:  100  msec 

132 12  1 

H 

Mode  Sw  .  Mode  1 

A  20-1 1,39 

S 

Time  Display:  200  msec 

13)7-6 

s 

Mode  Sw  :  Mode  2 

A22  5,30 

T 

Time  Display.  400  msec 

1317  1  1 

T 

Mode  Sw  Mode  2 

A  22-1 1,39 

r 

Time  Display:  MOO  msec 

1317-1 

t! 

Mode  Sw.  Mode  4 

A26  5,30 

V 

Time  Display:  1000  msec 

1317-5 

Y 

Mode  Sw:  Mode  5.- 

A  26-1 1,39 

w 

Time  Display:  2000  msec 

1321-23 

w 

Mode  No  Displ  "1  ' 

A2H-5.30 

X 

Time  Display:  4000  msec 

1317-4 

X 

Mode  No  Displ  ”2" 

A  28-1 1,39 

Y 

Time  Display:  8000  msec 

1317-3 

Y 

Mode  No  Displ  “4  ” 

Z 

+  5  V 

1330-1 

z 

Sc  No  Displ  "1  " 

- 

a 

(j  round 

1331-13 

a 

Sc*  No  Displ  "2” 

| _ 

...  b. 

— 

' 

b 

Cable  i: 

SDS  Knd 

Cable 

Pin 

Control  Panel  Function 

.  .  .  

1119-29 

P 

Tape  Peri  Out  2  i 

1319-27 

I! 

Tape  Perl  Out  4  | 

1.319-33 

s 

Tape  Pert  Out  8 

B 19-30 

T 

Tape  Perf  Out  J  6  1 

Bl  9-1  5 

r 

Tape  Perl  Out  32 

R26-47 

V 

Select  Hyd  No  PB 

1326  37 

w 

Select  Hyd  No  Sw  1 

B26-43 

X 

S<  :<‘ct  Hyd  No  Sw  2 

B26  39 

Y 

Se  lect  Hyd  No  Sw  4 

1326  41 

V, 

Select  Hyd  No  Sw  8 

Hi  9-1  9 

a 

Tape  Perf  Oik  Out 

— 

h 

... 

Cable  C 

SDS  End 

Cable 

Pin 

Control  Panel  Function 

1329  25 

A 

--  i 

Ping  No  Displ  1 

1329-22 

13 

Ping  No  Displ  2 

B29-3 

C 

Ping  No  Displ  4 

B29-46 

D 

Ping  No  Displ  8 

B29-26 

E 

Ping  No  Displ  1  0 

B29-23 

K 

Ping  No  Displ  20 

B29-1 

11 

Ping  No  Displ  40 

B29-47 

J 

Ping  No  Displ  80 

B30-3 

K 

Ping  No  Displ  100 

B30  23 

1. 

Ping  No  Displ  200 

B30-26 

M 

Ping  No  Displ  400 

1119-21 

N 

Tape  Perf  Out  1 

APPENDIX  D 

Sample  Computer  Instructions  and  Readout 


SKA  SPIDER  1  SAMPLE  OPERATING  INSTRUCTIONS 
LOAD  SUBPROGRAM 
ENTER  DKPTHBOT 
18HG9.* 

LOAD  VELOCITY  DATA  TAPE 
PUNCH  LEADER 

ENDING  PART  I,  PUNCH  TRAILER  LOAD  SPIDER  II 


SKA  SPIDER  11  SAMPLE  OPERATING  INSIKCCI  IONS 
LOAD  SUBPROGRAM 

Load  tape  erom  part  i  at  this  time 

ENTER  UTAH 

15S2t').tO 

ENTER  HOTEL 

27-1 1 2.5-* 

ENTER  DOG 

-1  582(1.  (D 

LOAD  DATA  TAPE 

PINGi-I )  -  1 

PINGUJ)  -  3 

pinGi J i  •  ;i 

ENTER  CORRECTIONS  FOR  ABOVE  PINGS  IN  SEQUENCE 
323313  } <53102(0 

ENTER  CORRECTIONS  FOR  ABOVE  PINGS  IN  SEQUENCE 
0  133131 320420 

ENTER  CORRECTIONS  FOR  ABOVE  PINGS  IN  SEQUENCE 
2243343-I42320* 

READY  FOR  PRINTOUT.  TURN  TO  CLEAN  PAGE  AND  PRESS  START 


■10 


'TYPE  !N  RESPONSE  TO  INSTRUCTION 
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Sample  Computer  Instructions  and  Readout  (Continued) 

sample:  velocity  profile  data  tape. 


16  UNIQUE 

18100. 

16000. 

13000.  10500. 

1O072 

HYDROPHONE 

DEPTHS 

10015. 

10000. 

6000.  3000. 

2623 

2572. 

2538. 

2615.  2500. 

300 

150. 

000. 

NO.  OF 

INFLECTION  POINTS 
VELOCITY 

AT  INFLECTION 

!) 

5100.0 

18400. 

DEPTH  OF  INFLECTION 

1 

•1915.8 

9843. 

2 

■1880.7 

5680. 

3 

4861.8 

3281 . 

4 

18  15.7 

2300 

5 

■188.4. 4 

1320. 

6 

4906,5 

993. 

i 

5026.5 

280. 

8 

5021.3 

000. 

9 

VELOCITY  OF 

5I05.9 

SOUND  AT  ROTTOM 


48 
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Sample  Computer  Instructions  and  Readout  (Continued) 

SAMPLE  DATA  TAPE.  CONTAINS  PING  NO.,  SOURCE  NO.,  36  TRAVEL 
TIMES,  AND  MODE. 


PING  NO. 

001 

SOURCE  NO. 

01 

13  TRAVEL 

6199.2 

5849.6 

5475.6 

5240.2 

5203.7 

TIMES 

5033.8 

5065.1 

5085.9 

5204  .8 

*  5212.7 

1525.7 

5080.4 

0000 .0 

MODE 

05 

PING  NO. 

002 

SOURCE  NO. 

02 

13  TRAVEL 

0000.0 

0672.3 

1514 .8 

2224 .7 

2368.4 

TIMES 

3517.5 

4388.7 

4535.0 

5166.2 

5206.4 

5083.3 

5080.4 

0000.0 

MODE  NO. 

05 

PING  NO. 

003 

SOURCE  NO. 

03 

13  TRAVEL 

6198.2 

5849.6 

5476.6 

5240.2 

5202.7 

TIMES 

5032.8 

5064.1 

5083.9 

5205.8 

5213.7 

5082.3 

4521.0 

0000.0 

MODE  NO. 

05 
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Sample  Computer  Instructions  and  Readout  (Continued) 

SAMPEL  VALUES  OF  THE  HYMO  ARRAY.  THESE  VALUES  WERE 
OBTAINED  BY  USING  THE  TEST  DATA.  NUMBERS  SHOWN  ARE  AVERAGE 


VELOCITY,  THE  FIVE  MODES  ARE  THE  COLUMNS,  THE  HYDROPHONES 


THE  TWELVE  ROWS. 

1 

MODE 

2 

3 

4 

5 

1 

5108.45 

5108.45 

5108.45 

5108.45 

♦  5108.45 

2 

5028.82 

5028.82 

5028.82 

5028.82 

5078.38 

3 

5024.96 

5024.96 

5024.31 

5024.31 

5051.35 

4 

5024.45 

5024.45 

4966.99 

4966.99 

5028.82 

5 

5024.31 

5024.31 

4964.56 

4964.56 

5024.31 

6 

4966.99 

4966.99 

4964.24 

4964.24 

4989.69 

7 

4964.24 

4964.24 

4964.02 

4964 .02 

4966.99 

8 

4963.88 

4963.88 

4963.88 

4963.88 

4963.79 

9 

4963.79 

4963.79 

4963.79 

4963.79 

4956.70 

10 

4956.70 

4956.70 

4957.26 

4957.26 

4957.26 

11 

4963.88 

5078.38 

5078.38 

4964.24 

4964.88 

12  . 

4963.79 

5051 .35 

5051.35 

4963.79 

4964.02 
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Sample  Computer  Instructions  and  Readout  (Continued) 


SAMPLE  ANSWER  PAGE.  DATA  AND  ANSWERS  ARE  THOSE  OBTAINED 

WHEN  TESTING  THE  PROGRAM. 

NS=  1  P1NG(NS)=  1 

MODE=  5 


TRAVEL  TIMES 


6199.200005849.600015475.600015240.200005203.70000 

5033.800005065.100015085.900015204.800005212.70000 
4525.700005080.40001  0.00000 

X  X  X  X  X  X  X 


CORRECTIONS 


3  2  3 


3454631  020 


NS=  2 


P1NG(NS)=  2 


MODE=  5 


TRAVEL  TIMES 


0.00000  672.3 0000 1514 .800002224 .700002368.40000 
3517.500004388.700004535.000005166.200005206.10001 
5083.300005080.40001  0.00000 

X  X  X  XXX  X 


CORRECTIONS 

0  4  3  3  4  3  4  5  2  0  4  2  0 

NS-  3  P1NG(NS)=  3 

MODE-  5 

TRAVEL  TIMES 


6198.200005849.600015476.600015240.200005202.70000 

5032.800005064.100015083.900015205.800005213.70000 
5082.300005421.00000  0.00000 

X  X  X  X  X  X  X 


CORRECTIONS 


224  3  343442320 
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Sample  Computer  Instruction*  and  Readout  (Continued) 


SAMPLE  ANSWER  PAGE  CONTINUED 


27412.35 

15826.38 

0.00 

26212.56 

i  j  r*  r»r» 

lO  H0.40 

oonn  oo 

24712.51 

11150.11 

5399.88 

23462.49 

8985.01 

7900.35 

23212.42 

8551.88 

8399.98 

21212.48 

5087.88 

12400.01 

19712.53 

2489.90 

15399.91 

19462.46 

2056.75 

15899.90 

18362.32 

151.26 

18099.85 

18287.37 

21.43 

18249.87 

15885.21 

0.00 

15885.14 

19481.51 

-2089.76 

15862.26 

END  OF  PRINTOUT,  SET  N 

£W  PAGE,  TYPE  -2. 

TO  ENTER  NEXT 

DATA  BLOCK,  TYPE  0.  TO  ENTER  NEW  U.H.D.  TYPE  2. 
TO  END  PROGRAM  AND  ENTER  NEW  VELOCITIES 


APPENDIX  E 

Position-Determining  System 


Wiring  Chart— SDS  Library  A— From  Data  Storage  Output  to  Output  or  Gates 


0.1  Millisecond  Decade 

0.1  MS  Bit 

0.2  MS  Bit 

0.4  MS  Bit 

0.8  MS  Bit 

From 

To 

From 

... 

To 

From 

To 

From 

To 

1-5 

2-3 

1-9 

1-3 

4-2 

1-4 

4-10 

1-17 

2-7 

1-21 

2-17 

1-13 

4-7 

1-18 

4-17 

1-31 

2-29 

1-35 

2-40 

1-25 

4-29 

1-28 

4-40 

1-43 

2-36 

1-47 

2-45 

1-39 

4-36 

1-40 

4-43 

3-5 

2-4 

3-9 

2-12 

3-3 

4-3 

3-4 

4-12 

3-17 

2-8 

3-21 

2-18 

3-13 

4-8 

3-18 

*  4-18 

3-31 

2-31 

3-35 

2-41 

3-25 

4-31 

3-28 

4-41 

3-43 

2-37 

3-47 

2-46 

3-39 

4-37 

4-44 

5-5 

2-6 

5-9 

2-13 

5-3 

4-4 

5-4 

4-13 

5-17 

2-9 

5-21 

2-19 

5-13 

4-9 

5-18 

4-19 

5-31 

2-33 

5-35 

2-42 

5-25 

4-33 

5-28 

4-42 

5-43 

_ _ 

2-38 

5-47 

2-47 

5-39 

4-38 

5-40 

4-45 

No  Change  in  Pin  Numbers.  Only  in  Card  Numbers 


|  1  Millisecond  Decade 

!  Change  1.3,5 

!  To  7,9.  11 

j  And  2  to  8 

; — : - 

Change  1,3,5 

To  7.9.  11 

And  2  to  S 

Change  1.  3.  5 

To  7.  9.  11 

t  And  4  to  10 

_ 

Change  1.3.5 

To  7.9.  11 

And  4  to  10 

10  Millisecond  Decade 

Change  1,3,5 

To  13.  15.  17 

And  2  to  14 

Change  1.3.5  j  Change  1,3.5 

To  13.  15.  17  |  To  13,  15,  17 

And  2  to  1 4  j  And  4  to  1 6 

Change  1,  3.  5  j 
To  13,  15,  17 

A.n.d  4  to  1  6 

i 

100  Millisecond  Decade 

Change  1,  3.  5 

To  T9,  21.  23 

And  2  to  20 

Change  1.3.5 

To  19. 21. 23 

And  2  to  20 

Change  1.3.5 

To  19, 21, 23 

And  4  to  22 

Change  1,3.5 

To  19.  21.  23 

And  4  to  22 

- 1 

1000  Millisecond  Decade  ! 

Change  1.  3.  5 

To  25.  27,  29 

And  2  to  26 

Change  1.  3,  5 

To  25,  27.  29 

And  2  to  26 

Change  1,  3, 5 

To  25,  27, 29 

And  4  to  28 

Change  1 , 3. 5 

To  25,  27,  29 

And  4  to  28 
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APPENDIX  F 

Complete  System  Schematics 
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signal  detector,  and  miscellaneous  circuits 


Fig.  F3— Data  storage  and  readc 
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An  electronic  system  has  been  developed  which  is  capable  of  measuring  the  elapsed  travel  time  for 
three  acoustic  sources  to  any  one  of  12,  24,  or  36  hydrophones.  Though  it  was  developed  and  configured 
for  the  Pacific  Sea-Spider  array,  it  is  applicable,  with  modifications,  for  determining  the  position  of  12 
hydrophones  relative  to  three  sources  in  known  positions. 
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control  logic  to  select  any  of  five  sets  of  12  hydrophones  and  a  single  source,  a  crystal-controlled  clock  to 
measure  the  travel  time,  12  level  and  phase  detectors  to  determine  reception  of  the  acoustic  signal  and  to 
command  time  transfer,  a  storage  register  with  jam  transfer  of  the  time  data,  and  outpui  logic  to  control  a 
paper-tape  punch  for  data  output. 

The  acoustic  signal  is  gated  synchronously,  and  axis-crossing  detection  is  used.  Thp  result  is  a  resolution 
of  a  0.1  ms,  provided  a  graphic  recorder  is  used  to  note  the  number  of  the  cycle  at  which  detection 
occurred. 

The  results  on  paper  tape  can  be  either  printed  out  on  a  typewriter  or  used  as  data  input  to  a  digital 
computer,  where  with  proper  programming  the  coordinates  of  a  particular  hydrophone  with  respect  to  the 
known  position  of  the  three  sources  can  be  calculated. 

The  system  can  complete  a  set  of  elapsed-time  measurements  for  12  hydrophones  once  every  10 
seconds.  In  the  Sea-Spider  configuration  with  three  legs  and  30  hydrophones,  the  minimum  time  for  a 
complete  set  of  elapsed-time  measurements  is  30  seconds. 
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